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r nurqrMpr TO VASCULAR 

1. INTRODUCTION 

. • ^„ ro i,tes to a method for 
The present invention relates w 

ine annt . hpr it is basea 

inhibit" na the adhesion o£ one cell to another, 
mhibit.ng tn e)£ ,, r acellular matrix 

on the discovery ^ ' lyrop bo=ytes to endothelial 

receptor promotes adhesi pepti de sequence. In 

cells via attachment to a defined pep 

particular embodiments of the - ^ ^ 
antibodies or peptide may b preventin , 
lymphocytes to endothel i.l = ^ , ha immune 

J lymphocyte entrance inuu 
response . 

a Q^^nUND Or THVEWTIOM 
2 ]_ ^T-UIAR MATPTX RECEPTORS 
15 specific cell surface receptors (R) for 

, trix (ECM) components such as collagen, 

extracellular matrix ECM) P ed (reviewed by 

fibronectin and laminin hav bee " IanBU nol. 
Hynes, 1987, Cell, 48 '' 549 - 5 ^^^xt/ace lular mat Lx 
Today, ,,10.,. Th. en de fined by 

20 receptors (ECMRs I, H and VI) ha ^ ^ 

affinity chromatography (Wayner and ^ ^ 

Biol., 105:1873-1884; Staatz et al . , ies that 

198: 1917-1.24, and by preparing vith 
-cifically inhibited ^ "^V. , - -11 Biol. 
25 purified ligands (Wayner and Carter ^ ^ 

105:1873-1884) or ECU (Wayner et al., 

^"^"Tlariety of ECMRs have been identified using 

. * ™ Using monoclonal antibodies, Wayner and 
these techniques. Using , a73 _ 188 4 , identified two 

30 «««r C»«. ^ "or native collar in 

classes of cell »«-*"«^ * uas involV ed in cell 

■ ,uman fibrosa, ^ la]ninin , uh ereas 
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collagen. Wayner et al. (1988, J. Cell Biol. 107 : 1881- 
1891) identified monoclonal antibodies that inhibit human 
cell adhesion to collagen (P1H5) , fibronectin (P1F8 or 
P1D6) and both collagen and fibronectin (P1B5) ; P1F8 and 
P1D6 were found to react with a 14 0 kD surface receptor 
known as ECMR VI. Kunicki et al, (1988, J, Biol. Chem. 
263 : 4516-4519) reported that P1H5 ( supra ) also specifically 
inhibited adhesion of unactivated human platelets to 
collagen types I and III/ but not to fibronectin. A 
complex comprising at least three glycoproteins was 
isolated from chicken embryo fibroblasts, using monoclonal 
antibodies which block cell adhesion to fibronectin 
(Knudsen et al., 1985, Exp. Cell Res. 157 :218-226; Chen et 
al., 1985, J. Cell Biol. 100 : 1103-1114) whereas a complex 
of two glycoproteins was isolated from mammalian cells 
using vitronectin affinity chromatography (Pytela et al., 
1985, Proc. Natl. Acad. Sci. U.S.A. 82:5766-5770; Pytela et 
al., 1986, Science 221: 1559-1562) . Major platelet surface 
glycoproteins lib and Ilia have been found to exist as a 
noncovalent 1:1 complex in the platelet membrane (Jennings 
and Phillips, 1982, J. Biol. C^em. 257:10458-10463) and to 
serve as an ECMR for fibrinogen (Bennett et al. , 1983, 
Proc. Natl. Acad. Sci. U.S.A. 80:2417-2421; Marguerie et 
al., 1984, Eur. J. Biochem. 139 :5-11) , fibronectin (Gardner 
and Hynes, 1985, Cell 42:439-448; Plow et al. , 1985, Blood 
66:724-727), von Willebrand factor (Ruggeri et al., 1982, 
Proc. Natl. Acad. Sci. U.S.A. 79:6038-6041) and vitronectin 
(Pytela et al., 1986, Science 231 : 1559-1562) . 

Structural homology is shared by the multitude 
of extracellular matrix receptors. The ECMRs are members 
of the integrin family of cell adhesion molecules and 
possess unique a subunits complexed to the integrin 01 
subunit (Hynes, 1987, Cell 4_8: 549-554; Wayner and Carter, 
1987, J. Cell Biol. 105 : 1873-1884 ; Wayner et al., 1988, J. 
Cell Biol., 107 : 1881-1891) . Additional members of the 
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integrin receptor family include leukocyte adhesion 
proteins and the VLA antigens. The leukocyte adhesion 
proteins include LFA-1. Mac-1, and P150/95, and are dimer.c 
glycoproteins composed of different . chains and a common, 
95-kDa fi chain, (Kishiomoto et al., 1987, Cell 48:681-690). 
5 VLA antigens are named for their very late appearance on 
cultured T lymphocytes (Hemler et al., 1983, J. Immunol. 
131-334-340; Hemler et al. , 1984, J. Immunol. 132:3011- 
3018; Hemler et al., 1985, Eur. J. Immunol. 15:502-508).- 
Antisera to the VLA-* subunit were found to block cell 
adhesion to fibronectin or laminin (Takada et al., 1987, 

Nature 326 :607-610) . 

interrelationships between these ECMRs have been 

identified. ECMR VI is identical to the P"*otyp. 
fibronectin receptor (Pytela et al. , 1985, cell 4J,:191- 
198), .5*1, platelet glycoprotein (gp) Ic/IIa and VIA 5 
ECMR II is identical to .2/11. platelet glycoprotein la/IIa 
and VLA 2 (Hemler et al., 1987, J. Biol. Chem., 262:11478- 
11485), and ECMR I is identical to .3,1 and VLA 3 (Kun.ckx 
et al., 1988, J • Biol. Chem., 263:4516-4519; Takada et al., 
1988, J. cellular Biochem. , 37:385-393; Wayner et al., 
1988, J. Cell Biol. 107:1881-1891). Monoclonal antibodies 
to .2/11, -3/J1 and .5*1 (P1H5, P1D6 and P1B5) inhibit 
fibroblast or platelet adhesion to collagen, 
and laminin-coated surfaces (Kunicki et al., 19 8 , jc.ll 
Biol. 107:1881-1891; Wayner et al., 1988, supra). Table 1 
lis ts s^e of the members of the integrin family described 
supra, and Table II lists a number of monoclonal anybodies 
that recognize various ECMRs. 
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TABLE II 
Antl-ECMR Antibn^- B c 


Atnibody Recepcer Ligand 


Reference 


10 


P1H5 


15 P1B5 


P4C2 


20 


P1D6 
Cell 


P4C10 


25 


P4119 


0 2 (Cdl8) 


Collagen 
Laninin 


Collogen 
Fibroneccin 

FIbroneccin 
(CS-1) 

Fibroneccin 
(Arg-Cly-Asp-Ser) 

™. COL, LAM 


(Wayner et al. ( 1987. J. 
Cell Biol. 105:1873-1884; 
Wayner et al. , i 988 , j. 
Cell Biol. 107: 1881-1891) 

(Wayner ec al . , 1987 J. Cell 
Biol. 105:1873-1884 


(Wayner ec al., 1988. J. 
Biol. 105:1873-1884 
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differentially expressed in 
The ,1 integrms are diffe ; r 
tissue, and demonstrate 
cult-d cells and dependent expression. For 

differences in actiVatl °" f n neroatoP oietic cells is 
example, expression of .5*1 Q and peripheral 

re ,tricted to subpopulat.ons o JW» ^ ^ 

» fclood lymphocyte*, .^^^rrceris, grating 

myelogenous leukemias, acti culture d T, B or 

h emopoietic P-=ursor cell s and^ ^ ^ ^ ? , 
erythredema cell [ ^ f 1988 , j. cell Biol.. 

Biol., 105:489-498; Carda ' e1 ^ 1989 Gar cia-Pardo et 

1° ,06:2183-2190; Garcia-Pardo et ., GianCOtti et al., 

IT. 1989, Exp cell Hes ^ ^ ^ ^ l9|7| Exp 
1986, J. Cell. Biol., 103.429 ^ ^ Biq1> 

Cell Res., l71^° 6 - 320; ****** * 
107:1881-1891. 

2 2 . *"TWT?QNECTIN 

rH ' is a protein found in the 
Fib ronectm is ap ^ ^ ^ the 

extracellular matrixes w ^ ^ ^ 

surface of certain types o ^ ^ fibronectin 

20 1987 , Ad v. Enzymol. S£:l- ^ r consis ting of two 

exists as a ^ B chai ns) , each having a 

similar subunits (call y ^ kDa (Akiy ama and 
molecular weight of a PP .... 57; Er ickson et al., 19 

y am ada, 1987, ^Uipl. speciali-d 

25 j. cell Biol. 91:673-678). » P 1981< j. Biol, 

molecular ^ ffl ay D e 

Chem. 256:7277-7281) of the . fibr Qf 
cleaved into fragments ™ an d cell 

interacting with collagen, fibrin P ^ 
surfaces in a manner ^ Cell Bio l. 95:369- 

m olecule (Hynes and Yamada, 1982, 


377) 
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Cellular and plasma fibronectin heterodimers 
comprise similar but not identical polypeptides. The 
variability in the structure of fibronectin subunits 
derives from variations in fibronectin mRNA primary 
sequence due to alternative splicing in at least 2 regions 
of the pre-fibronectin mRNA (the ED and IIICS regions) . 

Fibronectin is capable of promoting adhesion of 
a variety of cell types, such as fibroblasts (Grinell et 
al., 1977, Exp. Cell Res. 110:175-210), macrophages 
(Bevilacgue et al., 1981, J. Exp. Med. 153:42-60), 
polymorphonuclear leukocytes (Marino et al., 1985, J. Lab. 
Clin. Med. 105:725-730), platelets (Koteliansky et al., 
1981, Fed. Euro. Biochem. Soc. 123:59-62) and keratinocytes 
(Clark et al., 1985, J. Invest. Dermatol. 84:378-383), to 
name but a few (Liao et al., 1989, Exp. Cell Res. 181:348- 
361) . Interaction between fibronectin and a cell surface 
protein having a molecular weight of approximately 140 kDa 
has been observed in fibroblasts (Brown and Juliano, 1985, 
Science 228:1448-1451; Akiyama et al., 1986, J. Cell Biol' 
ip_2: 442-448; Brown and Juliano, 1986, J. Cell Biol. 
103:1595-1603; Wylie et al., 1979, J. Cell Biol. 80:385- 
402), endothelial cells (Plow et al., 1986, Proc. Natl. 
Acad. Sci. U.S.A. 83:6002-6006), lymphoid cells (Brown and 
Juliano, 1986, J. cell Biol. 103:1595-1603; platelets 
(Pytela et al., 1986, Science 228:1559-1562; Gardner and 
Hynes, 1985, Cell 42:439-448), muscle cells (Horowitz et 
al. , 1985,__J. cell Biol. 101 :2134-2144: Dambsky et al. , 
1985, J. cell Biol. 100:1528-1539; Chapman, 1984, J. Cell 
Biochem. 259:109-121), and osteosarcoma cells (Pytela et 
al., 1985, Cell £0:191-198) . 

The binding of fibronectin to cell surfaces may 
be competitively inhibited by fragments of fibronectin 
(Akiyama et al., 1985, J. Biol. chem. 260:13256-13260). 
Using synthetic peptides, a sequence of what was thought to 
be the only minimal cell-recognition site was identified as 


Best Available Copy 

pCT/L'590/04978 


VO 91/03252 


-8- 


r^GDS) (Pierschbacher and 

»«■ " oc - H . a :; al " ».«. — r d B i 0 r jfi:."- 


her et .1-. 198 "' "° C - " - C .U Biol. 102:««- 

acmam of . £iW ptor ascribed by PY«W 
fibronection recep 

Various observe ^bronectin binding 

1« ether — POOS -V —^° n cell B "l. 103: 2 "7- 2 " 7 > - ™r 
hries et al- 1986 ' J ' , synthetic peptic" was 
(HUH Te the bindinc affinity of a4fini ty 
example, th lly lower than t ectin 

fOU ot "Jl £ragm T=re» ^.X.«0»-X0.0 9 . 

associate J _ Blol . chem — 13260 ) . 

ITiCaet -S3. -/-^To-l.^-"-^ r r " d 

binding affinity bet tunor cells. 

fibronectin and^£° » r^J^ on 

2 <198 ; p /e;urs=t cells ^.^^ the *=c 

25 "- inSl s ^ neparin. ' ^ Biol . 103:^- 

binding ""Henries et al. <»£^j£ «a^ents to for. 

^ the abilW of f"> ro fibroblastic 
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derived from the portion B f f . u 

III =onnectin g se^en^CS, * i 1 !!° MetiB the type 

Un which alternate spllci™ re9l ° n ' " "-""o" 

xxics region , located ll^H t L ^ ° CCUr '- In tnis 

have functional significance ^J* 1 (REDV) W««d to 
Biol. Che*. ^^-e^TTtJZ " U987 ' J - 

synthetic peptides ^nn^"^^'" 1 " °* 
nonadjacent peptides, csi Ind Lf * ™ 

, 0 coapetitively inhibiiory f « adhesi " '° ^ 

b«t not to f Mastic c "ll *» 
^eatar inhibitory activity ^^J""!: ntb CS1 sh °"^ 
=*P- Ceii Res. 181,34a-3Sli T " ^ ' ( " 89 ' 

3-retin g lymph ~ d th " »». H»- 

15 -XI Mndin, domain ^^ZZ^TV' 
preferentian,, *. ^ ^'teraccion, bound 

fteterentially to the carboxv-tem,'n a i u 

do. i by „ --independent^: r^: 1 ^ 
adhesion sequence (s) present in r ' the 

regions of fibronectin' and the ce^ 
20 responsible for adhesion of cell o th^eT" 
sequences have not been identified. " 

, found to oo^^LT""^ 

25 i-cudin, .Z.TllZTZ^lT^ biol ° 9ical e — 

*nd also appear to pla \ Till'*"?*. ""• 1 ««-««=. 

« various di CH^JT« '"IT"" 15 

A03:26 3 7- 2647 .. Crinnall> 1984 j "•«• J - Biol. 

M Hynes, „.,, Sci . ^ ^..^J" B '° tt "- U.lOT-n., 

»e extr M ely" r D ;o X r:a P n:'i n a t: iVe ' interaCti0nS " e ^ '° 
l==ali,ation c/i^ ^r ^UsT^ f" ^ ^ 
at least in part to adh . c , lkely to be due ' 
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Phil.cl.lphx.. P. 1 . secondary lymphoid organ that 

preference for the typ a secon dary 

they will enter. In traffic g ^ ^ va£jcular 

lymphoid organ, lymphocytes must ^ ven ules, then 

recirculating * associated with 

tissues, called homing, has been ^ ^ 

lymphocytes and on the ena 

endothelial venules. nce of polymorphonuclear 

Likewise, the adheren £ elieved to be a key 

, leukocytes to vascular ^ l tory response, 

" — - th % d Te 1 r q :rred f f or In effective chemotactic 
and appears to be Qf neutroph il-mediated 

response as well as certain W j. clin . 

vascular injury (Zimmerman and Mclntyre, 1 

ef ai- 531-537; Harlan et al., 1987, in 
invest. 81.531 5 t> ed . S . Karger AG, 

20 Emigration and its Sequela , 105 -118) . 

. __ Q4-104; Zimmerman et al., i«±_ 
Basel, pp. 94 a-"*' aaonist substances, the 

When stimulated by specific agonist 

laa ,- leukocytes (Tonnensen et al., 
polymorphonuclear leukocy cells (zlmmer man 

Clin, invest. 74:1581 15«l . 246 . Be vilacque et 

» et al.. 1,85. f ^l,^ or both (Gamble et 
a l.. Clin, xnvest. ^=,0 3 ,01!, , s a _ 

as a' result, polymorphonuclear leuKocytes 
become adhesive, as e ,,r-afce. 
accumulate on the endothelial =e U s u 

I» addition. ^^^ne deceits 
glycoprotein antibodies in P complex 
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adhesion-related functions ( Zimmerman and Maclntyre, 1988 , 
J. Clin. Invest. 81:531-537). The CD18 complex is 
identical to the 0 2 integrin subfamily ( supra ) • 

During maturation and differentiation, 
lymphocyte sub-populations localize in different anatomical 
sites; for example, immature T cells localize in the 
thymus. Similarly, IgA-producing B cells are observed to 
localize in the intestinal mucosa (Parrott, 1976, Clin. 
Gastroenterol. 5:211-228). In contrast, IgG-producing B 
cells localize primarily in lymph nodes, from which IgG is 
secreted into the systemic circulation (Parrott and 
deSousa, 1966, Nature 212 : 1316-1317) . T cells appear to be 
more abundant in skin epidermis than in mucosal linings 
(Cahill et al., 1977, J. Exp. Med. 145 : 420-428) . 

The physiologic importance of leukocyte adhesion 
proteins ( supra ) is underscored by the existence of a human 
genetic disease, leukocyte adhesion deficiency (LAD; 
Anderson et al., 1985, J. Infect. Dis. 152 :668; Arnaout et 
al. f 1985, Fed. Proc. 44^ 2664). Various studies have 
indicated that the molecular defect associated with LAD 
results in either lack of synthesis of the common p chain 
or normal rate of synthesis followed by rapid degradation 
(Liowska-Grospierre et al., 1986, Eur. J. Immunol. 16:205; 
Diamanche et al., 1987, Eur. J. Immunol. 17:417). In the 
severe form of LAD, neither LFA-1, Mac-1, nor pl50/95 are 
expressed on the leukocyte membrane; low levels of 
leukocyte membrane expression have been observed in 
patients suffering from the moderate form of the disease. 
This leads to a defective mobilization of polymorphonuclear 
leukocytes and monocytes from the vasculature to the issues 
during the inflammatory response, with consequent recurrant 
bacterial infections (Anderson et al. , J. Infect. Dis. 
152:668; Arnaout et al., 1985, Fed. Proc. 44:2664) . 
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d t o »• associated 

als o been . observed t ^ f ^ 

wi th functions ^« ^eaprot.^ - P c disease 

IIb/ XXXa P^y e pla teiet J 1987 . Cell 

r osult: in d8£eQtl n(f thro.ba^.ma, (W n 
xno-n as Gl.n«- ann ■ * ^ (l988 , 

4-.»*-" 4) - Tbse-ed that neurons s ^raus 
^6:1289-1297) obSBrV to extend ^ur^es iiIcS 

Sy r-Ten a ri ^ ^ ^ 

.InT^^ 00 r nQ ther comprise 

The P^ 5 ^ of one cell to * n °^ xtraC .llular 
• „ the adhesion or tvee n the extra 

15 inn ibitxn g the fraction betw 

interfering ^ liga nd. ^ discovery that 
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Known. BV V^°^ nis usin, foe the first 

i receptor and »» 1« inve ntion enables- ^ es through 

sequences, the P*-£ .!„.«»» •* pre sent 

specific and into utlU ty in 

tM vascular endothel par ticular spe ci£i= 

mention. ^^ne «*-'»^ of ly^"* " 
30 oppression of the ion . the adhere" ^ 

e^odinents of the 1 d systemxcaU or 
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provides for treatment 

responses as well ^ " e "- evolving a„ toiM1Me 

« the iaaune systea, inclu ^ n r ° ni = « r.l.p. ln , activations 

inf1 ™"^ skin conditions """W- ««■»•. and chronic 

5 

PeDtiri 3,:L - abbreviations 

A (alanine,. R (aroint, N 7"""" " t0ll ° VS ' 
W <«P«tic acid, , c (cysteine, o ' (aSpa "fine) , D 
acid) a • lc ' s "">e) , 0 (glutamine) p , , 

o (glycine,, H (histidine) i ? '^"amic 
(leucine), K (lysine, « ,„ ^ '""leucine, , L 

3 ( se ri „e ,' " ::T° nin '>- F 'Phenylalanine,, , 
(tyrosine,, v (valine,. <thre ° nine >< » 'tryptophan,, v 
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are adhered to fibronectin. Panel 3 shows the reorganization 
of the RGD prototype fibronectin receptor a5/91 stained with 
antibody AB3 3 to the focal adhesions (arrows) . Panel D shows 
the reorganization of a401 stained with P4G9 (FITC) also to 
the focal adhesions when RD cells are adhered to fibronectin 
(arrows) . Panels A and B are the same field and Panels C and 
D are the same field. 

Figure 5A. Domain structure of human plasma 
fibronectin (pFN) showing the origin of the fragments used in 
this study. B. SDS-PAGE gel analysis (10% acrylamide) 
demonstrating the purity of the fragments. 

The 80 kDa fragment had the N-terminal amino acid 
sequence SD ( ) VPSPR ( ) LQF, and therefore begins at position 874 
of the fibronectin molecule (Kornblihtt et al., 1985, EMBO J. 
4:1755-1759). This fragment contains the cell binding domain 
(Cell) and the RGDS sequence of fibronectin (*). The 58 kDa 
and 38 kDa fragments had the N-terminal amino acid sequence 
TAGPDQTEMTIEGLQ. Both fragments contain the C-terminal 
Heparin binding domain (Hep II) and result from a different 
cleavage of the two fibronectin chains by trypsin. The 3 8 
kDa fragment comprises the first 67 amino acid residues of 
the alternatively spliced connecting segment of fibronectin 
(IIICS) (Garcia-Pardo, 1987, Biochem. J. , 241:923-928) and it 
is therefore derived from the A chain. The 3 8 kDa fragment 
does not contain the REDV adhesion site recognized by B16-F10 
melanoma cells (Humphries et al., 1986, supra ; Humphries et 
al., 1987, supra ) . The 58 kDa fragment is also derived from 
the B chain of fibronectin and lacks the IIICS region 
(Garcia-Pardo, et al., 1989, EMBO J., submitted). The 58 kDa 
fragment also contains the C-terminal fibrin binding domain 
of fibronectin (Fib II), and is. similar to previously 
reported fragments from this region of plasma fibronectin 
(Click, E. M. , and Balian, G. 1985, Biochem., 24:6685-6696), 
The bands are visualized by a silver strain. 
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125 I-labeled Molt 4, LAK or KT1080 cells were 
extracted with 1% Triton X-100 in the presence of 
phenylinethyl sulfonyl fluoride (1 mM) , N-ethylmaleimide (1 
mM) , leupeptin (1 ^g/ml) and diisopropyl f luorophosphate (1 
mM). as protease inhibitors. Aliquots of these extracts were 
immune precipitated with monoclonal antibodies directed to 
a301 (P1B5), a201 (P1H5) and a401 (P3E30. The immune 
precipitated antigens were run on 7.5% SDS-PAGE geln in the 
absence of 2-ME and visualized by autoradiography. The three 
bands immune precipitated with P3E3 from T lymphocytes are 
indicated (arrows) . 

Figure 3. Identification of lymphocyte specific 
fibronectin receptor as Integrin a401 . 

125 I-surface labeled Jurkat cells were extracted 
with 0.3% CHAPS in the presence of 1 mM CaCl 2 , 1 mM 
diisopropyl-f luorophosphate, 1 mM phenylmethyl sulfonyl 
fluoride, ImM N-ethylmaleimide, 1 ng/ml leupetin and 2 pg/ml 
soybean trypsin inhibitor. Aliquots of the extracts were 
then immune precipitated with myeloma (SP2) culture 
supernatant or with monoclonal antibodies P3E3, P4C2, P4G9 or 
with P1D6 (anti-a5^1) . The immune precipitates were run on 8% 
SDS-PAGE gels in the absence of reducing agent and visualized 
by autoradiography. Molecular weight markers are shown on 
the left-hand side. The a5 and £1 subunits are indicated as 
are the bands present in immune precipitates prepared with 
P3E3, P4C2 and P4G9 (arrows). 

Figure 4. Localization of a401 and a501 in focal 
adhesions on f ibronectin-coated surfaces. 

RD cells were trypsinized and allowed to adhere to 
silanized and f ibronectin-coated (20 w/ml) glass cover slips 
in the absence of serum for 1 hour at 37* C. At the end of 
this time the cells were prepared for localization of 
receptors in focal adhesions as described (Experimental 
Procedures) . Panels A and C show focal adhesions (arrows) 
visualized by interference reflexion microscopy when RD cells 
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5 ' DETAILED DESCRIPTION nv TO » 
in experiments designed to examine the Action of 

blood" r^ 007 " 5 ' " ° bSerVed that PeripTeral 

blood and cultured T lymphocytes (Molt 4 or JurZt) exc r ! H 

5 an . ffinity for fibronectin independent of th / p k :: o :;- essed 

fxbronectin receptor, a5 ,l. Although these cells att ach ed to 
fibronectm-coated surfaces they expressed low or 
undetectable levels of a5 ,l recognized by the functionally 
defied monoclonal antibody, P1D6 (Wayner et ^ ly 

^.r- ^ 8S1 — re, Tlymph^ 8 ' 


10 


P1D6 or RGD flbr ° neCtin C ° Uld °^ P-tially inhibited by 
P1D6 or R GD containing peptides suggesting the involvement o 
other receptors for fibronectin in the adhesion process 
Alternatively, adhesion of other cells to fibronectin, such 
15 as malignant or transformed fibroblasts and activated T 
lymphocytes (LAK cells) could be completely inhibited by 
P1D6. This suggested that resting peripheral blood t 
lymphocytes and cultured T cell i P „t om ^« 

. tea 1 leukemias express multiple 

^dependent and functional fibronectin receptors 

20 fibron^ ACC ° rding ^ PreSent inVention ' ^ alternative 

antlH reCePt ° r idSntified ^ P-paring monoclonal 

antibodies that specifically inhibited the adhesion of T 
lymphocytes but not other cells to fibronectin. This 
receptor was identical to the integrin receptor, .401, and 
2S mediated the attachment of peripheral blood lymphocytes 
cultured T cell lines and RD cells to plasma fibronLin. 
Furthermore, T lymphocytes expressed a clear preference f or a 
38 XDa tryptic fragment of plasma fibronectin (Garcia-Pardo 
•* al., 1987/ Biochem. J., 241:923-928, containing the 
Heparin 11 domain and 67 amino acid residues of the type in 
connecting segment (incs, spanning the CS-1, cs-2 and cs-3 
regions defined by Humphries et al., 1986, j. cell. Biol 
103:2637-2647; Humphries et al., 1987, J . Biol. chem. , " 
262:6886-6892). According to the present invention, T 
lymphocytes were found to attach only to CS-1 and monoclonal 
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^niPtelY inhibited T 

~- oat? P4G9) completely 

antibodies to .«x ™ f ' ragroen t ana to CI. T 

lymphocyte adhes^ to th th ^ lover 

ly „ph==ytes were also found to ^ and 

affinity, « * si " pr -"'' ^ also inhibited this interaction 
m ono=lonal antibodies to ^ alS anCibodi es to .4,1 did no, 
Th e functionally defined monocle = £rag]nent 

inhibit T ly»p h ==V« *«^2£ RGD seance, whereas 
of plasma ^"^J^^e fibronectin receptor, 

Q m addition, the prese interaction 

discovery that the ^/J^^Vu.. -cordin, 
— ^^ C Hte: o/peP "d- can be used to bloc* the 
invention, antibodies or p p cells . 
adhesion of oocytes « » ^ l dlwloluri( and not by 

For purposes o ^ be describe d x 
way of limitation, the pre 

th e following subsections. ies to 

L) preparation of anti (£CMRs) . 

extracellular «tr« ^ 
20 ti) characterization of the E 


interaction; adhesion 
lU) Methods of intervening in cell 
Utility of the mention, and 
»*' Peptides and antibodies of the 

25 invention. 
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= atrix 
rvTPKCEt.1. ex tracellular matrix 

Preparation of metaod for generating 

receptors .ay be ^^Z^ cells, or purified 
antibodies Known ^ r (ECtW M y be used as 
extracellular matrix rec p 
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i^unogen. Immunization of a host is preferably performed 
USlflg lmuno ^ n obtained from a xenogeneic source 
Antibodies may be polyclonal or monoclonal. 

the „ Vari ° US P roced ^es known in the art may be used for 
th^product 10 n of polyclonal antibodies to epitopes of a given 
ECMR For the products of antibody, various host animals 
can be immunized by injection with an ECMR protein or a 
synthetic protein, or fragment thereof, or, alternatively 
intact cells may be used. Various adjuvants may be utilized 
to increase the immunological response, depending on the host 
specks, and including but not limited to Freund's (comolete 
and incomplete) , mineral gels such as aluminum hydroxide 
surface active substances such as lysolecithin, pluronic' 
polyols, polyanions, peptides, oil emulsions, keyhole limnet 
15 hemocyanins, dinitrophenol , and potentially useful human " 
adjuvants such as BCG (bacille Calmette-Guerin) and 
Corynebacterium parvunu 

A monoclonal antibody to an epitope of a ECMR can 
be prepared by using any technique which provides for the 
2£j production of antibody molecules by continuous cell lines in 
culture. These include but ar,e not limited to the hybridoma 
techniques originally described by Kohler and Milstein (1975 
Nature 256:495-497) and Taggart and Samlcff (1983, Science ' 
219:1228-1230, , and the more recent human B cell hybridoma 
s technique (Kozbor et al., 1983, Immunology Today 4:72) and 
EBV-hybridoaa technique (Cole et al., i 985 , Monoclonal 
Antibodies and Cancer Therapy, Alan R. Liss, Inc., pp. 77-96) . 

The monoclonal antibodies for therapeutic use may 
be human monoclonal antibodies or chimeric human-mouse (or 
3 other species) monoclonal antibodies. Human monoclonal 

antibodies may be made by any of numerous techniques known in 
the art (e^, T eng et al., 1983, Proc. Natl. Acad. Sci. 
U.S.A. 80:7308-7312; Kozbor et al., i 98 3, Immunology Today 
4:72-79; Olsson et al., 1982, Meth. Enzymol. 92:3-16). 
. Chimeric antibody molecules may be prepared containing a mouse 
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it al., ^ 984 ' proC ' 52) . ECMR epitope 

n985, Nature 314. an tibody to an t 

al " 1 A molecular clone of an ReC03a3in ant DNA 

«... - r^ x - - ai " ^^rrratorv, 

-—7^^' Manual, !^«^ nuclei 

Cloning, A Lat3 °^ Yorl0 may be usea m0 iecule, or 

cold s P rin, - code . M „ KlOMl — * 
acid sequences there of. to own 

antl ,en bind£ - - ~ /^Jnity . 

. „ , immunoabsorp "° n " such as HPLC 
„= tt ni^es. g „ phlc method* - n ther eof, 

chromatography^ ehromatogra phv) ,«'- 

the idlotyp e c £ 

^u-y r/town ^ *« che 

t he molecule can -^'^ud. ' W are no, of 

e*am P le, such be .reduced by ^ c t n \ e 

F( abM 2 " hlCh Fab . fragments 

t he antibody -»^"' ^ disu l £ ide bridges of t* 
g enerated .V re- * ^ ^ ^nt, an* a 
£ „gment, and the an tib=dy molecule 

a enerated by treatina ^ ^ ^ 

reou =in, ^-- wise , antibodies^ and selected 

„ ed „ * »bove Mth0dS I Tor e*am P le. 
produced by t ^ art . For E CMB 

>,« any technique Known inmunoFrecipi"" 
by any t and/or i» _«.«t«d £ roB otn 

„-v be shown to bine ottie rwise separatee 
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fibronectin. If an a „, ° ° SUDSt ™te coated with 

, A outlined suora m a n . , Prepared by the methods 

aucsequently e removed and fus^n - K , 
1C example, NS-i/fox Nv ? "yeloma cells, for 

15 wo x/FOX-NY myeloma cellc a «. . 

Herzenberg (1980 in .1 , described by oi a „d 

rg (1980, in -Selected Methods In Cellular 

Immunology,- Mishell and Shiici .„« «. " llular 

Francisco, pp. 351-373, ' " nd C °-- s *" 

J0 -1 l.o „edL su^XentT:^ ^ ^ " — «- * 

be Lent^ied "TrT^ ~y 

derivatives, or to endothelial J IP - or its 

recog„i« „«„ wlll not< how les which 

bearing the «s« receotcr t „ »,.,/ lnftlb " binding or cells 

. " receptor to RGD-peptide coated subsrrsr- 

M Alternatively, antibodies directed toward m t IT 

identi fi ed by their ability to „ competitively il ib !t the 
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M of the ^c-s^SS^-SHSSSACS^ 

5.2- CH^ACTEHIZKTIO^^ 

The interact, on b.*-.-n ^ ^ by way of 

«.«r may be characterized, for 
receptor may b . , lowing methods: 

lia itation, by the of recept or distribution 

i) Determination 

5 and function; <. Qr /iigand binding; 

re =eptor and/or in the three 

thDd5 ulU be described more fully 
These methods »"» 
10 following subsections. 

5 - 2 - 1 ' -Icc^oInT^hT^o^ =^ ethod ^ iB the 
dist ribution may be „Z of limitation, cell 

15 art. For sample, and not y iden tlfied using 

populations bearing ^ ^JLward the ECMR of interest. 
m onoclonal antibodies ««~^ be de tected using 

Binding of antibody « «- «^ „ imnuno fluorescence and 

iBB unohisto=hemical « Cftnl ' IU " ernatlv ely . populations of 
» immune peroxidase ^'^est may be collected using 
cells bearing the ECK? techniques, 
fluorescence-activated cell specific 

Because there appears to ^ receptors „ the focal 
reorganization of cell surface adh ^ Ugands 

» adhesions -hen cells Blol . ,..,37-5251. one 

(B urridge ■ "^Tunctional interaction between a 

lethod for characterizing^ involves de termining 

given receptor and a ^"""^^^tes into the focal 
Lether the BCMK of ^""^ ligand substrate. Tor 
30 adhesions formed betw een cell jn ^ ^ ^ 

example, and not by wa of li ligand relationship by 

interact with ""-^ sec tion 6.2.,.. iaSB> • 

the following metho ^ ^ adhere „ . fibronectin 
Lymphocytes may be 
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substrate, and the focal adhesions between cells and subsr-ate 
*ay be visualized by interference reflexion microscopy (I « ard 
et al., 1976 , Jm cell sci . ^ :129 . 159)< AntibQdies 

recognize a4 ,l, such as P 4G9 or P4C10, may be used to show 
s using standard immunohistochemical techniques, e.g. fi uoro '- iso 
thiocyanate, that in the absence of serum, ft4 ,i redistributes 
into the focal adhesions. 

Interaction between ECMR and ligand may also be 
characterized by testing for the ability of the ECMR to adhere 
1Q to a variety of different substrates. For example, a cell 
type of interest or an ECMR of interst may be tested for the 
ability to bind to substrates consisting of purified 
components of the extracellular matrix, such as fibronectin 
collagen, vitronectin or laminin. in a specific embodiment ' of 
15 the invention, cells bearing the a40l may be shown to adhere 
to fibronectin, but not to collagen or laminin substrates as a 
result of the a *0l/£ ibronectin interaction. 

In further embodiments of the invention, in which 
an ECMR of interest is shown to bind to a particular protein 
2Q ligand, substrates bearing subfragments of the protein ligand 
may be tested for the ability to bind to an ECMR on the 
surface of cells, thereby permitting the localization of the 
binding site between ECMR and ligand. m a specific 
embodiment of the invention, in which the receptor is a40i 
2s which has been determined to bind to fibronectin ( supra ) 

substrates bearing subfragments of fibronectin may be tested 
for their ability to bind a^l-bearing cells, as exemplified 
in Section 6, infra. Although T lymphocytes attached to the 
80 kDa cell binding domain of fibronectin bearing the a4 £i 
M receptor (Figure 5A) they demonstrated a clear preference 'for 
an non-RGD containing region located on a 38 kDa tryptic 
fragment derived from the A (or heavy) chain of plasma 
fibronectin. T lymphocytes also recognized and bound to 
another Hep II containing 58 kDa fragment. However, the high 
35 affinity lymphocyte binding site was located on the 38 kDa 
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£ra gment. ^;^ r than the 58 *°> „ Da and 5* 

tim es more effi"" 1 ln Figure 5A tn na 

,„ cvt . adhesion. >> s sn and B chains ot p 

lymphocyte deriv ed from the A ln tBe 

„ D a fraomen" wer ^ £r d 1985 , su 2 ra : 

£ i b ronectin re*P ^ ^ (KQrnbl n « He ^ t he 38 

presence or* _ TRUS , t is P ^ 

Gar ":"d S3 KDa fragments used here share ^ ^ ^ „ 
KM !v T lymphocyte >** iB * £ iw T lymphocyte 

a "Tn and ^« a^ 10 "^^ m=S reaion unique to the 
domain, ana sent in the ixxw» 

adhesion sites «» , lymp ho=ytes appear to 

» -^.'-r-ogni'e and hind to C.-X. -f^elanoma 
specifically rec g adhesion site ro 

/efined as > ^J^Z* " 6 l^,— 

ceils and avian neura ^ c>u Biol.. " 

„ lorI . Humphries et al.. 266 i-2671) . CS-1 13 

. 1988, E«BO J.. 7 - 26 alternative 

Dufour et al.. " (generated by alt of 

o£ mol ecular «»*.ro9-™*W " lM cs domain on the 
.plicing) Present in th. typ 
' plasma f ibronectin. .^aajmBBSISS 

• bv identifying ano 
characterized by bi „dina. o£ 

ln terfere vith rec P les air e=ted to 

For example. »■ i ioand/receptor 

t Ly be used to inhibit ' u t ype adheres to 

interest may b a part icular interest 

Given the observati subs trate. it nel of 

. given li^d ^^ ved in the -""/Afferent «*». 
to identify «* ^» each oirected ^ rence o£ 

monoclonal anti „ bl «K t» ular antibody 

may be tested fo ' o£ b indin, W « P ^ ts 

to substrate. Tnh „ co ,ni«d by ^ 

„ould -^-^^esive interaction. Xn 
involved in " e 
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T,::t::t:L::: -r en rr n ' — 

5 that «««. is necessary for l™ Dh ' "^ting 

ell- ^itwuy.^ 1 ^^" 1 -- « -dothelia 
determine the relationship between ECKR a n ^' "* *° 

As exemplified L l ss llll" 6 ECMR " d substrate, 
adhesion to the 3e and 5 S Koa f T * Oocyte 

„ inhibited by functionary de inedT • ^ =°^«ely 
«4«. Furthermore x i™L h * " monoclonal antibodies to 
educate, coated L«^T^ alT le" " T' ^ 
»Y P4C2, P3E3 or P4G9. These data ! ""^"ely inhibited 
the T lymphocyte receptor for CS-i T * l ' 

, antibodies failed to inhibit adh these 
*>a fragment containing th. ° f T " lls " the " 

could be completely inhibited Z ™* £r *W* 

or by RGDS . P : ^^r 1 
lymphocyte adhesion to the 3S t f * lnhiblt T 

- Together, these *~TlZ TJLT t"*"™* * «» 
receptor for the carho „ ,. . 4,51 f mctl ™ as the 

"hronectin receptof f=^ '"■""V*" 1 ™ domain of pla s » a 
xxzcs ccs-i, andCsibTy^^"" 6 "~ i- 

In further embodiments of t-h« « 
ECMR/ii.and relationship may be characV T^' 
the structure of the li»and r ^"^"^ "y determining 
agents to compete lit ^ P««"lar. the ability of 

-ay be evaluated. £ e^ ™f*" d """"^ 

protein ^ nere the ligand is a 

^ tatein ' various fracnnents n<F +-k^ . 

y« ma particular embodiment of • 
which lymphocytes ar-o „k aim - n t of the invention, in 

/^uuLy^es are observed k;~j ^ 

as veil as to fibronectin "e pt id e f'a ^ r^"' 1 
»ay be tested for the abiliL t fra ^ e "^ of fibronectin 

ability to competitively inhibit the 
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• i cell substrate. As 

6indiM of lymP»o=y«s " end °f -S-l P-P" de ' and ' in 

ilfied in section 7, a£S' " s * * competitively 
exempl2-i iea v-t-ldvpST was able uu 

,. rular the peptide ElLDVFb fibro nectin and to 

.... ^^-^^s^^" 11 " 

another may be 11*10 embodiment of the in 

10 interaction. In * *«" CU \ 0 endoth elial cells «Y b * 
th. binding of lvmph=cy«s o£ o<n to ,ts 

inhibited by interfering with « antib odies 

* This may be accomplished Y its ligand 

ligand. Tnis j alternatively, 
dir ected toward the ^ ° ' „ uard U gand in a 
15 (antibodies may be generated ^ _ „ alter „ate 

Inalcous to that -"^^ „„ich inhibit the 
embodiments of the ^ be us ed to. in turn 

binding =f ««»• to l " TJcvtes to endothelial cells- 
inhibit adherence «' «» ^"^eof 

20 in a specific •«* derivative thereof. 

anti - o4S l of lymphocytes bear in, 

. -V be used to inhibit- ^..^ ^.-^ 


.„! receptors to vascular e antibody. » 

„«-.= the antibody is a m „,..,,. or fragments 
embodiments th „ MC10 (,1^ ^ 

particular antibody ding chimeric antib 

derivatives tnereuj., 
!L same binding ^"""""'iments of the invention. 

„ additional .^f ^ .inding of lymphocytes 
. „ ,.- ed to inhib^ tne u Us . in a 

peptides may bo used ' cular endothelial cell- 

' "> . AflT. receptors to vase at least a 

■' :re:u 4 iUdi.ent. - -s 1 ^^^. — - de 
Uion ^r^r .nss- 

irres - -ast a portion of the CS-1 pep 
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most 


preferred embodiment, the peptide comprises at least 
portion of the sequence EILDVPST, or a sequence substantially 
homologous thereto. ^srantia.ly 


5 - 4 ' UTILITY OF THE INVTttTTntt 
According to the invention, the adherence of one 
1(J cell to another may be inhibited by interfering in the 
binding between the ECMR and its ligand. m particular 
embodiments of the invention, the adherence of lymphocytes to 

xiitt cells may be inhibited by in — -Hitr::; 

binding of a , 01 on iy mphocytes to its ligand ^ ^ 
15 endothelial cell surface. According to the invention, the 
interaction of additional ECMR with endothelial cell ligands 
and the inhibition of adhesion of these cells to endo^m ' 
by interfering with the ECMR/endothelial cell interaction is 
envisioned. For example, the adhesion of macrophages to the 
2Q endothelium may also be inhibited by intervention in the • 
macrophage ECMR/endothelial cell interaction. Likewise 

T1ZZ\T 1S ' alS ° the «-l peptide, may be 

inhibited from metastasizing and entering tissues using the 
peptides or antibodies of the invention. 
25 The method of the invention is therefore useful in 

preventing the egress of lymphocytes through the vascular 
endothelium and into tissue. Accordingly, the present 
invention provides for a method of suppressing the immune 
response in human patients in need of such treatment. m 
M particular embodiments, the present invention provides for 
methods of treatment of diseases, associated with chronic or 
relapsing activation of the immune system, including collagen 
vascular diseases and other autoimmune diseases (such as 
systemic lupus erythematosis and rheumatoid arthritis) 
35 multiple sclerosis, asthma, and allergy, to name but a ' f ew 
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s ent invention also proved. ^ sys „ m in 

The present i aori vatlons ot -> £o r 

° £ t r :n« In ne- of such Versus — ' 

^° '"'Vending - tM i^«« ni ,»ti= n into 

it may be T^V-. sue 


10 


it may be **s~— alternatively , * teoS( such 

evstemically ot ' „„it<ple organ sy 

tissues syste involv ing be des irable to 

example, xn dise eryth ematosis. ^ . cl inical 

as syS temi= lupus sys teml cally derma titis, 

inhibit ^P-=V«^ £or a locali^ lymphoc ytes 
exacerbation. How ^ res « ic , migration 

it nay be prefer > a££e cted. use o£ the 

only mt= «»»•"*" ««« le V "*°' achieved by modifying 

control of sy ion M y be achi ' ed or by 

m ethods of the P«- n ; n ; ibodi es or P^^^Wi' 
«- ^°;rs-c-= o, -se agents «~ peptides o£ t he 
al tenng the example . the antlb ° including 

M OT>=s" lons - ,„ in istered by any route, 

invention .ay be intravascular ^ ^ 

0 sub cutaneous, m« ■ ora i, intraperi local 

intraarterial f^rathecal. However to^^^ e 
intratracheal. y „ adhesion «*n ^ o£ ^ 

inhibition of «™\ the antibodies lMb i« 

d esirable to am ounts and in * ^ uscularl y. 

25 invention, m «« ap subcu taneously or m ho cyte 

Pharmacol- ic carrl"- systemic ^dies or 

^tematively. ~ desirabi e to adminis 

—pediments of ^ -rrc^-lities 
30 " V " use a pharmacologic carrier . nvent ion. 

advantageous « P«*£^. are to be 
•ZZZZ. - ^Uatment of chronic 
delivered to the sk . 
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30 


35 


inflammatory dermatologic condjf . 

carrier which ai ds in the p . n .J""''' * olo gic 
epidermis and dermis may ^ ^ 

Dissemination of th. 
5 inv *"i°n may also be controll!^^? " antiboai « = f th. 
the peptide or a „ « £ altering the half-i ife of 

"ample, the peptides £ the i nve „ t half " li ^- 'or 

*h=rt half li£e; i£ ^ p ~" n ^ haVa a "lively 

sustained release implant t£ ^mistered in a 

.0 iDplant «M be exposed ^ peptL^ °f ad3aCent <° the 

rheumatoid arthritis p at ie„ t) Lreas thl' " 30int a 

, s including but not limited to amin^ * V"""" deriv «ives, 
glycosylations, substitution IT ^stitutions. 
-enantiomers of constituent ILZ^T^ V « ia "» 
the peptide is more 1^1° '' •*""«,.. etc.. 

sustained levels. As l« h " ldely di «rib ut ed at 

„ terminus of the .Ji^T/^T f H " terainUS » C " 
stablility. y b * """^led to result in greater 

Peptides « t^'i^i^ 0 ^""^- *"» ""bodies or 
other ligands *» a "«-dies or 

. to specific tissues. lor l a „ Ble V***" 1 " « Wtld M 
Imitation, peptides of the in l n ' " ^ of 

antibodies targeted tower! l.ZT^ZT C ° njU9 " ed <° 
antibodies may be produced whi=h Furthermore. 

attach to endotheiLl cell STj""" ^ Md th «^ 
adhesion. H^nds, blocking lymphocyte 

- pSfoffh^^ 
which is capabl! oTtZL^sl"™* 0 " ^" d * 
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. • terac-ing -I* reCeP " r y 

is capable of mterac.1 g lylnph c=ytes to endothelium. 

to inhibit the binding of ly»P y „ inhibit adhe S1 on 

Preferably, these peptides may b . „ in vivo use. 

o£ lymphocytes « »* rth : l ^ t ^ ^vTntlcn. the peptides 
in a preferred embodiment of £lbrone ctin IIICS region, 

comprise at least a portion of the £ ^ 
Xn a more preferred embodiment the P P ^ ^ ^ 

least a portion of the CI-1 sequence as presented in 

substantially homologous to d enbo diment, the 

Fi gure .(.) and (» • ™ a t least a portion of the 

peptides of the invention ==mP sequence substantially 
sequence > homolo gous- 

homologous thereto Su ^ ^ inventlon may 

construed to mean that th P sucn Ena t , 

alterations of the -P""' 1 * is substituted for one or 

5 functionally equivalent amino thus produ cing a 

.ore amino acids in the peptld s «• ^ acid res 

silent change. For «"^'^. 1;ltutwl by another amino acid 
within the sequence =»» »- „ . f actional equivalent. 

of a similar polarity which *« ^ sequence may be 

20 sub stitutes for an amino acid ^ uhich che a mino 

selected from other members of hydrophobic) amino 

acid belongs. Tor examp e the ■ _ valine , proline 

acids include •^^^^TUthiontn.. The polar neutral 
phenylalanine, tryptophan * nd threonine, cysteine, 

» amino acids include glycine serin ^ positively charged 
tyrosine, asparagine ^^e. lysine, and histi « • 


tyrosine, aspa.^ aroinin e ( lysine, a«« 

( Lsic, amino acids ^ ^^ no acids include aspartic 
Tn e negatively charged (acid • > discuss ed in Section 5... 

and glutamic acid ^f^es to derivatives of the 
t n e present invention also r 


abovementioned peptides 
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Antibodies of the invention, produced and defined as 
described supra, include monoclonal as well as polyclonal 
antibodies and fragments and derivatives thereof, including 
the F(ab') 2 , Fab', and Fab fragments. 

6 * S^| E rYMi2S52;5" aiTIOM AND CHARAZTERI2ATI0N 
OF THE LYMPHOCYTE ADHESION RECEPTOR FOR AN 

FIBRO^ECTIN ^ ATTA CHMENT D0MAIN ™ PLASMA 
The following experiments have described a new 
fibronectin receptor which appears to be identical to the 
integrin receptor a4/91 (Hemler et al., 1987, supra), 
preferentially expressed by nucleated hematopoietic' cells . 
Identification of aA01 as a specific fibronectin receptor was 
based on (i) inhibition of cell adhesion to fibronectin by 
monoclonal antibodies (P4C2, P3E3 and P4G9) , and (ii) 
specific reorganization and concentration of c401 into 
fibronectin-dependent focal adhesions. These findings 
suggest that a4*l and a S01, the prototype fibronectin receotor 
function together as primary mediators of cell adhesion to 
fibronectin. 


6 - 1- MATERIALS AND METHODS 
6.1.1. REAGENTS 
Phenylmethyl sulfonyl fluoride, n-ethylmaleimide, 
2s leupeptin, diisopropyl f luorophosphate , 2-mercaptoethanol , 
bovine serum albumin (BSA) , Triton X-100, Protein A-Agarose, 
soybean trypsin inhibitor, and V8 protease (from 
Staphylococcus aureus, strain V8 , protease type XVII) were 
purchased from Sigma Chemical Co. (St. Louis, MO). 
M Lactoperoxidase and glucose oxidase were from Calbiochem (San 
Diego, CA) . TPCK-trypsin was from Cooper Biomedical, 
Malvern, PA. Fluorescein-conjugated (goat) anti-mouse IgG 
and igM (H and L chains) or rhodamine-conjugated (goat) 
anti-rabbit IgG and IgM (H and L chains) were obtained from 
Tago, Inc. (Burlingame, CA) . R-phycoerythrin-conjugated 
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city, CA). Rabbi - 
■„■„ va. ^om Biomeda ^osrer ^ cappel 

TT x Human r ecouu " rTmmunex Corp- * 

Hts., IL > • n - D . urdal ( xmiuul AaT . c h Inc. 

c «*ft from Dr. u - ^ a +-we Researcn, 

5 generous gi«^ Collaborative colla gen 

•~ uas purchased ^ fibronectin anu 

d and purified plasma ascribed 

Bedford HM ^ p „ pared as pre- ^ Hayner , t 

1 s " and carter, «• l9 " ' 


(Wayner, E- A * 
. 1988. suora) . 


10 al., I 988 


£^== HT108 


15 


RD (HU-an rna b d= W =sarc=^^ ^ w 

"l^" Tu-n donors -ere prepared a peripheral 
£roB normal ^ ^^nocytic !.«,• 

et al.. 15,0 ^Itients with acu^e ia were 

61 ood cells «~£" (tiBM « W elo,enous ^ 
10 £^ X. -ns»in and - ^ ^^ine ,500 

obtal ned «°" Resear ch Center) . » oon o=lonal 

Hutchinson «"« r KiUer CBl " " ,«!.) «11 

H1A B7 sp „.,--d according to & rl - s ebroolc, A- L * 

1982 ' t EXP. Med., •>-= _ - g . 1 


^' 19 "'„ M.O. W M6d -' TndBrooKs. C. » 
F " Ch ' Ul'LsB-XS.. «ay««' E - " k . and carter, « 

mature. ^"vZV*^*' J"*""' ^ The «» 
J - cell Bid. . X0S,l.«-«»« • dMlved £r c » 

19 " noc^e =ell line (««•). «^ C1C4 «L Une 
ly mphocyte production of the 

spleen used W the P 
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other cell lines and cell cu i, 


as 
G. 


1987, 


10 


15 


20 


25 


30 


35 


6 -l-3. ANTIBODTFg 
A rabbit polyclonal antibody A B3 3 „ 
the cytoplasmic domain of the fibronectin re ^ agai " S ' 
used to detect a5 *l in focal adh ** " rec *^ 0 *> «5*i, was 

A1A5, against the ca^ ^^ ™' -ntibodi. 
n subunit of the via family oTrecep^s' m V ™ 
"88, supra, and B5-G10 to the \ E " ' 

su^a, were obtained £ ™ 4 "f""^ (HSffll - - al. 
Dana-Farber Cancer Inst « " " Hemler of «*• 

- the intern ^epLrs ^i ' 

have been described nd were ^1" " ^ 

laboratory. pi H5 and Plnc . 7. de veloped in this 

respective!, (Wayner> A _ ^ V i""" 5 ' 

et al... 1988 , »■ "3V ^ 

Monoclonal antibodies to i™* SSEra) . 

receptors were procure by the ^tho! 7 adheSi °" 
Wi. V.T. ana Herzenberg, L^A "so r ^ 
hybrid ceil linas . lB , 1 ° t " lli " P«*»cin, 

Immunolooy Ed h„ 77 - e *'' Ct:ed Methods in ™i 

Saaloff (Taggart R t c f ' and Taggart and 

\ k. r. and Samloff t m m n .* 

»«-!»., as described (Way ner and ca«« ^T""' 
al., 19B8). spleens from RBF/nu • "ayner, et 

packed T lymphocytes tlZ ^unized with loo ,1 r 

-m— ceU ^ TiabJ heterT "* ^ 

"40 suppleaentel'i^ adeni " leC " d in RPMI 

and sa»lo«, i 983) V1 ^ v " e " lne/a — ^"rin/th^idine ( r.„ srt 

to i^hoc^e jl: rzzzi, p z:t antiboay di ~~- 

inhibition « ly^ocyte adLsTn " .ib^ct^ ^'"^ 
su«a=es and doned by lifting dilution " "^ 
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1987 J • Biol. Chen. 
Mthough MAS {H ° m \Z*lV«it* the' n subunit of the 
jS, ,300-330,, reacts ^^^Ua to inhibit c.11 
I^ e grin receptors and ^ ^ Blochem . j^,..-,,*,. 

adhesion. TaKeda et al- ( to inhib it adhesion of 

. this reagent has never been r functionally defined 

• lymphocytes to any surface ^ ^ the 

anti-01 monoclonal (SUDra) an d by screening 

previously described "^"^"^^ llgan ds. P4C10 has 
inhibition of cell adhesion to multiP f . bronectin . cs-l. 

show, to ^^ZlcVs l* reacts with ,X by 

antibodies that would alt- c-U-^ ^ 
purified pXasma ascribed <«ayner and 

peptides were ^ virgin st yrene plates were 

carter. 1..T) • 48 „ (5 ^mx, . The plates 

coated with human plasma r « /nl heat 

20 U ere blocked with PBS -^^^."^ HT1 0S0 cells were 

d enatured BSA (HBSM . - £or 2 _ nr> . washed, and 

XabeXed with ** 2 «°* C " =e , ls or S X 10 10 WV-ll were 
x 10 « HTX080 or cultured T eel „ (1:2 ailution 

incubated with hybndoma culture P ^ ^ or 

in PBS supplemented "^A*^ £or 15 minutes at 
control myeloma cell culture „ adhere to the 

room temperature. The cells were a ^ hybridom a 

protein -coated surfaces in the presen ^ 
supernatant* for 15-30 "J™"* <^°7ells we re removed by 
( l P vm P h=cytes, at 37 • c. ™£ZTc.ll. were dissolved in 
washing with PBS, *f ^ ^ ^ntitated in a gamma 
SDS/NaOH and bound cr c P 
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6.1.5. IMMUNE PRECIPITATION, AND SEQUENTIAL IMMUNE 

PRECIPITATION, V8 PROTEASE PEPTIDE MAPPING AND 
POLYACRYLAMIDE GEL ELECTROPHORESIS 

Viable cells were surface labeled with 125-iodine as 
described (Wayner and Carter, 1987) followed by extraction 
5 with 1% v/v Triton X-100 detergent or 0.3% CHAPS detergent in 
50 mM phosphate buffered saline pH 7.2. m some cases imM 
Caci 2 was added to the lysis buffer. ImM phenylmethyl 
sulfonal fluoride, ImM N-ethylmaleiaide, 1 M l/ mi leupeptin and 
1 nq/ml trypsin soybean inhibitor were used as protease 
10 inhibitors. Immune precipitation and sequential immune 

precipitations were performed exactly as previously described 
(Wayner and Carter, 1987, supra ) . Peptide analysis followed 
the basic procedure of Cleveland et al. (1977, j. Biol. Chem. 
252:1102-1106 ) with modifications as described (Wayner and 
Carter, 1987) . Polyacrylamide slab gels containing sodium 
dodecyl sulfate (SDS-PAGE gels) were prepared following the 
basic stacking gel system of Laemmli (1970, Nature' 227:680- 
685). 


15 


25 


20 6.1.6. PREPARATION OF TRYPTIC FRAGMENTS FROM 

HUMAN PLASMA FIBRONECTIN AND SYNTHESIS 
OF CS PEPTIDES 

Human plasma fibronectin was a generous gift from 
Drs. Horowitz and R. Schulman (New York Blood Center, NY) . 
Fibronectin was digested with TPCK-trypsin for 9 0 min at 
3 7 and the digest was fractionated by affinity and ion- 
exchange chromatography as previously described (Garcia-Pardo 
et al. f 1987, Biochem. J. 241:923-928; Garcia-Pardo et al., 
1989, Exp. Cell Res. 181:426-431). Two overlapping peptides 
spanning the initial 48 residues of the IIICS region of human 
fibronectin (CS-1 and CS-2) were synthesized and coupled to 
rabbit IgG as described (Humphries et al., 1986, and 
Humphries et al., 1987, J. Biol. Chem. 262 :6886-68921 . 


30 
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6- 1 - 7 - ^^^TsS5s° n cel1 on an EPICS 750 

analy *ed by one or J ^ Hialea h TM ^ 

dU al laser "^^^nad or. a , as *e.n channei 

tluorescence «» loq FI) was """V a non -iw»une 

fluorescence ^"*^ roond florescence for 

nuDb er J^^rol was a°«^s ue re trypsini-d 

„ nuse igG negative Adherent cex±» presence 

m ouse -nhtracted. AUi t7*c in tne v 1 - 

POP^;: -cover for » ^ one or two-color 

and allowed to rec cyt ometry . ion we re 

0 of serum before use for in sUS pens ed 

of measurements , r -sepharose P« x 

£1 uorescen=e with pw»» « "*» antU ,odies at 

incuhated for 30 • " tften uitn £lts . s«,e 
go at 19= <*> »' 9/Bl, u ashed in HanKs Balanced 
4 . C for 60 ^nutes. -as* ^ sodluro azide ^ 

(HanKS/BSVSM 6o m . nutes at 4 = in ehyde (preP* 

anti-us* < ^ ^ cold > P.«^ purified and 


20 


25 


- - r^es a, - r prepared 

anti-mouse X«0 « cold 2 * P»« f «" l£ie d and 

uere washed and t» or fluorescence P ^ „ TC . 

£ resh> in PBS. «• dy uas then add i ^ 

biot invla n -o ;r lonal ^ ^ ^ „ ior 

stained and fi* e ^ted at * C £ ° r ££ect on 

ln Han*s/BS*/s* andj dehyde h ad lx«^ ^ e . u . 

Ration .l* ^» cy „ integ rin ^^.k containing 

session of W»P ir 0 .5 1 «»* ' , rt 1/50 

uere . washed and strepavidm (Bione uere 
phy coervthrin-=on,u^t _ stain ^ ^ ^ held 

washed and «i» analy sis on the 

supplemented vx ^ &dhere to ad 

inhibitor and all 
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glass cover slips coated with 

=°llage„ (20 ug/ml) in th « * flb r=nectin. l. Binin or 

the incubation nonadherent J^^"^ ' " th = ««• °* 
5 -« «xed i„ 100 „, I"*™™** ^herent 

«•» ca=! 2 . 2t formaldehyde^ ToZ ri ^ — 
permeabilized with 0.5* Triton x- 10 o for's ' 
"ashed and blocked with 25t * "mutes, then 

permeabilized cells were ft, ! ^ P8S - Th " 

, 0 receptors ,so minutes at roomT •" tU »"" to specific 

incubated with either FITc T ^""^ ■ and 
rhodamine-co^ugated ^ " 

temperature) and washed again The -mutes at room 

onto giass slides for tl2l"l. S " PS " Ke inverted 

„ microscopy (IRM) as des "bed ""ard" tT""^ 


21, 129-159). 

6 * 1 * 9 - TISSUE SWTWTMr 


20 


25 


-as -te^ed :r i ll t re 0 s n c :„ f c: he i ' ,ta ' rin *» 
sections. Cryostat secti ons " 6 """^ ^ 
skin, tonsil, or tumor samolV J Prepared from human 

snap freezing in i" *" MdlU » ««« 

were fixed J 4% pa^orl^ * nitr °" n - «« "ctions 

with primary antibodiel^d ! " /" " "^"^ 

as described (Carter and W^r teT "TT """"" 
263:4193-42011 Tn - ' BXo1 * Cilea - 

rhoda^ine was detec^u^ 1 eXperinents ' "° fluorescence of 
versa. ^ Wag the ^°rescein filters orvice 
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6.2. RESULTS 
* 2 1 IDENTIFICATION OF AN ALTERNATIVE 

6 ' 2 * rTBRONECTIN RECEPTOR 

cultured T lymphocytes (Molt 4), K562, RD 
(rhabdomyosarcoma) and HT1080 (fibrosarcoma) cells and 
5 rashly derived PEL (not shown) adhered to f ibronect.n-coated 
a fresnxy aeir However, Molt 4 and RD 

surfaces (Figure 1: open bars). However, nrQtotvpe 
e5raresS ed low or undetectable levels of the prototype 
^broneclln receptor (integrin .3,1) -cognized by monoclonal 
rjbody pxo. ^ could 

Alternatively adhesion of ce. to --nect^ ^ 
expressed abundant a501 (HTIUbu an 

Inhibited by P1D6. Furthermore, the synthetic peptide RGDS 

srssr r .... ;„™s::: — 

data suqgested that some cells, sucn as y 

„„„«. » ,™.«~ 

to fibronect.n-coated ™= e *; « were identifie d that 

25 monoclonal antibodies (P4C2, P3E3 P4C9) 

inhibited cultured T lymphocyte but not HT1080 
to fibronectin (Table 3). 


30 


35 


WO 91/03252 


39 


PCT/US90/04978 


TABLE III 

SPECIFIC INHIBITION OF LYMPHOCYTE ADHESION TO PLASMA 
5 FIBRONECTIN BY MONOCLONAL ANTIBODIES P3E3 , P4C2 AND PPG4 9 


10 


CELLS 


SP2 


!".D6 
(a 5 B l> 


FIBRONECTIN ADHESION 
(% OF CONTROL) 
P3E3 P4C2 


P4G9 


15 PBL 
Jurkat 
Molt 4 
HT1080 


100% 
100% 
100% 
100% 


43% 
22% 
18% 
5% 


38% 
33% 
12% 
98% 


10% 
12% 
8% 
93% 


52% 
48% 
39% 
104% 
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v-ioo detergent lysates 

ant r e fn prelen, in 1^«V« e«»=« ^ (Fiaur e 

2) o£ reducing ^ ^ t ^ 

did not migrate w (figure 2) • ts 

integrin rece F~» Trl „ n x-100 ^c-. 

imm une preciP c . lly activated CO ^ ^ 

prepared «£\ shoun) contained, in s tnat 

(UJ0 or CT^ (no o£ „o s P shoun) 

relatively 1«9 £ ^ 70 , 000 in th MP«« ^ mapping 
Bi grated at » ^ v8 protease p p ^ pi50 

" ab r n d that P30 and p70 were P""^ forBS could >e 
revealed that P secular «"f T c ell= even 

(no t shown) ■ »- chronically activat _ ^ 

ion une P"« plta "ta=t S were prepared in the or 
when detergent «»^. to „ (Tl gure 2 legend > . . J 

20 - ltiPl %ra°ir;--t 1 £ ro B extracts P«/»;teuKe.las and KO 
were vitally ^ _ jurRat) or B 

cultured T 

" US - The oio=he.i=al antl ,en descried >y 

« that « b %trt-> - * 

(Figure 3). t»« ide ntity of *1 

heterodimer wxth 
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protease peptide Dapping (not shown) The „«, „ 
immune precipitated from t " het erodimer 

monoclonal antibodies th ° inhibitory 

distinct from tha pr otot"e' fi r "t""' ^ to be 

5 immune precipitated »i^ no t h " "^"^ ^ 
relative quantities of ^ and " """"" " *** 
tracts of T ly^oeytj^^^™ * 
-«« being present (Figure 4" i„ ac 9 " 

the data „e obtained using flow ^oZ^ZTT "t?, 
sequential immune precipitation experiment, ' " 

antibodies to « n did no t predeaT a5 T , ^ ^ 
V3 protease peptide maps derived from t h T ' ^ 

Precipitated with monoclonal antibodies « Z 'LT^ 
clearly distinguishable (not shown, "u«he~o 
, 5 conditions ( ,. n CHAPS and in* caci , uL" t TZl^T* 

::i u L": f tr £ t jurkat — the 

the monodonaTantL 0 dTs" Wei9ht (P180) * l " « 
— Absent from extracts ° r ^"^""^ -««• P1S0 

antibody (Fi-re ^ f" Pared »«« monoclonal 

20 detergent T non-lymphoid cells or Triton x-100 

reu« V PrePa " d " the ab -n=e of Ca~. The 

solubilization of T cell? m • 

Ca ++ th<« » 7 Triton X-100 in the absence of 

25 ii^ziiiZT^: tTT ory nonoeionai 

P P rese "t on the a4 subunit (Figure 2) . 


6.2.2. 


DISTRIBUTION OF aABl AND a 5fli tw 
CULTURED rmc J^y 1 IW 

30 A „ AS been P rev i°«sly reported (Hemler, supra) 

r^rzvT 1 ' di " rlbUted 00 " UClMted -"--e^je'ns 
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TABLEIV 


BXSTKIBUTIOH OF THE 

bzceptoss Vi OH """^ " 


10 


Cells 


Relative 
Flourescence 

Intensity 
a 5*l 


i: H p ffi atQPQ ^^ c Cells - 
PBL 

(CD3-, CD16+) 
Monocytes (CD16+) 


+++ 
+++ 


+/- or 


Granulocytes 



platelets 

+++ 


Spleen 



Tonsil 

+++ 


ALL (T or B) 

+++ 

v- 

UZZt Leukemia (CD3+, CD4+) 

+++ 


, 5 AHL 

++ 

+ 

BLCL 

+++ 


Molt 4 (CD3+, CD4+) 

+++ 

++ 

jurka (CD3+, CD4+) 

++ 


YT (C03-) 


++ 

3QPHA blasts (CD4+) 
CTL (CD3+, CD8+) 

++++ 


++++ 


IAK (C03+, CD8+) 

++ 


HL-60 

++ 


U937 
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Cells 


Relative 
Flourescence 
Intensity 
a5£. 


K562-1 


Fibroblasts 
HFF (p5) 
10HT1080) 
RD 
VA13 


Epithelial Cells 
15oc-l 

OVCAR-4 7 

T47D 

QG56 
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, , . na t all lymphocyte 
€loW cytometry revealed ^ a and peripheral 

Tvo-color flow «V from S pieen, ton » peri pheral 

- i pukemias ana cux (Table IV)- 

my elogenous !«*• ed abundant »« 1 J „ ere ne ,ative 

lin ., we examined eX « t , and aranulocytes 

Nor mal human *"^ al numan bl— the only 

,-i (Table IV)- * 0 ^ In contrast, 


Li nes we examine ~J s ^ granuio^-- 

formal human Wood huroan fclood pla-^ ^ 

„/>i (table IV)- ww „, in contrast, 

for l^ao* ^.ive for a4fli- * were 

i nr vtes were negative expressed a50l v 

granulocytes pU lations that e P anul ocytes , 

h ematopoietxc ceU P , oocyte and 

activated T cells, P royelog enous " d T (Molt 

— lY^^E Tnd cells. le vels 

cultured K562, HL 60 cell lin es e ^ r ^ In some 

4 0 r JurKat) and B (ST 1) monoclonal antibody- 
« of .5*1 - 7 subpopulation of PB* ver* * ^ 

normal individuals, a P^ by floW cyto^ry ^ 
f or foreseen ce b subpop ulation 

*.< the nature U1 - ivmphoma, wer« 

investigating tn CD3 T cell 1Y»P 

ca\ TV cells. cvtometry- 111 

express .5*1- e plD6 b y flow ^ r 

20 nr^r- - -; y f jsrr«^-T 

and as we have P lyBpho =ytes is res ' ly , mo st 

» leukemic or expressed low l ctlltu red 

£i bro.las, =^;- eUal =ells c 
large vessel en ne „ ati ve for £ spleen. 

epi thelial cell* ^ ^ , „n ^ ^ 

= <1 and essentially quantities 
30 lynph node and ton^l « on , th e rela«ve £ ^ 

issues we "^^Ision receptors expresse J ex ample, 
o£ «» «i b " neC " n "ms varied dramatical^ 
sp eci«= trtn tonsil and cortex and 

PB I, and lymphocytes 
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regions in adult lyrcpnati " ln "Belial 

_ expression of a 4/3i h v i , w e areas or 

5 unclear. X ly, " pha,:i = epithelial cells was 

cells are grown on adhesions when 

e grown on the appropriate ligands in w 
of serum (reviewed by Burridge et al i 988 V 
Biol., 4, 487-525). Since sLe filial ^ 
investigated whether thl, >- flbrobla *ts express q4 *i we 

» - r aliens „;:; ^^i^z/tr^v^ 

substrate. As can be seen in Figure 4 u id 
Primary focal contact sites or flea" adhe ' 
visualized bv interference refle'on ^f^"™" b * 
»-C and Lochner, L.R. 1976 j ",, ""^ (I " ard - 

=0 wben RD ceils were grown 11 XL" »' »-»»> 

have reported (Roman t t ronectln - As we and others 
-erts. c . j ^:;;::;; e ; a --»«- h . Broe.el.ann, T.J. , 

«... J. c.ii Bioi. ioa: 2529 . 25 „;- G :; ! h nd «»*»»«. 
serua « 5 „ was concentred at the focal -h ■ " ° £ 

» ceils were grown Q „ fibronectin figure " RD 
laninin-ccated surface. " ln (Figure 4 B, arrows, but not 

—clonal antibo^"; ^ 
•4,1 was also caJL^J Z^LS'^™?" """^ 

results demonstrate a specific 
interaction of a 46l with fj>, M „ * . p iric 

adhesions th- ^bronectm present in focal 

ceu s " ^ Priaary adheSi °" ~e of cultured 
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^ S in focal contacts 
nf b oth receptors in 
The presence of ^ bind to 

cuggeS ted the po-i*"^ ° f . In fact, 

'alftinct adhesion P4C2 and P1D* were used 

evidence for this ~ S adhesi on to intae* plas- 
simultaneously to use d together --P^ 

fib ronectin. Pl°* and and partially inhibited 

— d rr ^ - r piasma fibronectin (Ta 

adhesion of RD ceix 
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TABLE V 


10 


15 


CELLS 
RD 


Jurkat 


ANTIBODY 


IGG 

P1D6 

P4C2 

P1D6 + 
P4C2 

IGG 

P1D6 

P4C2 

P1D6 + 
P4C2 


SPECIFICITY 


*S01 
a401 


a501 
a401 


ADHESION 
(% OF CONTROL + S 


100% 
81 + 11 
99 + 7 
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100% 
26 + 9 
38 + 14 


20 


25 


30 


35 


Best Available Copy 


,91/03252 


PC17L-S90/04978 

-4"7- 


neither PlDS nor P*C2 
lymphocytes, intact 

Xnterostin^;^^ - rXonec--- ^ 

al=ne -re ,0- » rd cell —"Jf, ^ 0 „iy when used 

pl asma ^"^hi^ .V »«• "* 
be efficiently 

results \± . ^^.r.hmen 


together. 


AO 


tte ^^L ated that attachment of 
t ^ O mediated W - ms 

fioure 1. ^ flBr one«m w ^ It has 

sjme cells « Pi =e receptors. °*« ^ 

independent cell su ^ Ugand tor 

heen .-^to «» cell—dino . », 

fibronectin is e l » ^ _ „ ^ 


£i6ro ne=tinis * . (Py tela, *• ' „ de termine 

contains the BSD c>11< *0.X91 ue 

and B u=sla^ ^ that ^««« phocy tes to vario- 

examined the o{ plasma £10 antibodies 

proteolytic «^ e ; the effect of « 
„ and B) . as veil as adhe sion to these ^ „ a 

20 and P<« » ^ Turxat. « ^ * ""x, domain much 

shown in '^inin, the «^J^ frM -»* <°° 

- — -e 

£r aoment of « *°» • on lV o* the 3 B W 

trag ment. ^nt. This site £ or * 

38 nDa fibronectin a££in ity „ the H- 

30 foment o^^ytes did not adhere ^ ^ 

iymphocytes. * >g* ' containing the 9 ^ e d 

terminal 29 general, freshly 4 =ells 

plas'-J- - 1D of attachment 

a similar pattern 
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and the ability of freshlv • 

hematopoietic =eu -P «-.«n « other 

exhibited a clear preference/ ( " 9U " s ) 

«c«Pt the H-terminal 29 kD a fran ! ! flbrone «in tested 

p«t ially inhibited ^^rr^T 8 u mg/Bi) 

fibronectin and completely floo*. t0 inta « 

.0 r ** " «• '"^nt. ^u^at e u at:" adheSi ° n 

«. ----i^reTt'^tr'r 16 /ana 

inhibited t iymphocyte adhesioIV intact 
, s fibronectin (Figure 7 tool » " P las "°a 

inhibited adhesion of'x eTli. to rhT^' ""P 1 "*^ 
contains the RGO adhesion sequence ^f! "* ^ 
P10« did not inhibit T ,„„ k (Figure 7, middXe) . 

». .ot ton) oVs^zrr io x n to «- " - 

20 completely inhibited T lymphocytic^ *" =° n,: ««. P4« 
fragment and had no effect on £h. " * 0i 

fragment (rl9ur . 7) °" ° n adh «"" to the so )«,a 

ly-Phocytes To the 58 £a ' ad " eSi0n °* T 

xi =ouid b. inhi,^:: by pfcr"; which ais ° = ° ntai - 

lymphocyte cell n„ every case other T 

25 (such J Ju r ka t ceils, TT « •»« 

-S«. Adhesion of KS« ceils to' S ° nly 
*Da fragments „ aa greatlt t^ V <Fi9U " 6 » and »« 

3,, adhesion to the 80 w a f L™ ""^ "^"^ *° th « ir 

M these cells to i" a « of ' ' « 

•• W» fragment coui" be cZleff 6 " 1 " « « th ' 

the other h a „d. „ JLZ'SZZV^* lnhibited «V On 
IV, ednere poorly tTlnL£ ^ ° 5 « < Ta "e 

3S - -gment ^ ^^2^^^^ 
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,= adhere to pl«« f ibronec-.in-coated surfaces than 
longer to adhere to P adhere 

JU r*at or Molt 4 dependent manner to the 38 XD. 

efficient y and - a d= P ^ ^ ^ „ ^ „ 

£rB9 : en llntTould be completely inhibited by P4«a. The 
*D, fragment > co , re i ati on between expression of 

1 t^he ability « attach to fragments of plasma 
aifil and the ability w regions. 

ST: - — «- — —" ive cel1 


8 

These 


10 adhesion domain 
6.2.5. 


15 


20 


25 


>0 


ryr T^nrVTS RECEPT OR FOR CS-1 
ThTTlICS region present on the A chain of 
•w lin (Figure 5) contains at least two sites 
plasma **"»**^[^ adheS ion to fibronectin 

sponsible for mediat,ng^ ^ ^ ^ : 2637 - 264 7 ; 

(Humphries et al., ^ ^ ^....^a . 

Humphries et al ; Cell Biol . xoe : 1289-1297) . 
Humphries et al.. * synthetic peptides spanning 

using a sen. - f „ um phries and co- 

th. entire IIIC regi ( (N _ terminal) peptides 
workers showed that tne melanoma 
contained adhesion stances reco^nx.ed^^^ ^ ^ 

cells (Humphries et al. , i» , affinity adhesion 

that the ,s KDa fragment ; R TJi ll* In is the 

site recognized * , *»» T ^^\^ on „ 38 * D a. 

receptor — ^^.^ t / e CS-5 site but it does 

This fragment does not co ,,,, =i ,_p,rdo et al.. 1967, 

r'c? — t reaion (Garcia rai.u« 
contain the entire CS l regi v „ efined as a high 

923-928) which was defmea as 
Biochem. ' 2 -f-'" te f „ r Be i ano ma cells (Humphries et 
affinity "^j",,,, 6s86 -«89a> . Therefore it was 

al.. 1987, J* 8»1. Xympnocytes would recognize 

irnn: «r- — — d in 

this interaction. 
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T lymphocytes (Jurkat or Molt 4 cells* ™« 
and attach to cs-l (rabbit i a r recognize 

x (rabbit lg G conjugate) -coated Dlastio 
surfaces (Table vri t imnr,K. _ pxastic 
CS-2 r^H^r. lymphocytes (Jurkat) do not attach to 

CS-2 (rabbit lg G conjugate, coated surfaces or to plastic 

5 L U noT S Wlth rabbit al0ne ' -^Jore 

monoclonal antibodies to *4Bi (P 4 C2\ , . 

lymphocyte adhssion to CS-1 w h Ue ILiWi / ^ * 

had absoluteiy „o e «ect (Ta * ^ ^ (P1 ° 6 ' 

'° It ™ 1 h 1J T PhOCyte adhaS "" «• «» 38 K D a fra ^ t 

(Table VI, „ hlle antibodies to , M1 specifically inhibited 
adhesxon to the RGD containing 80 kDa fragment. 
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T&BLE VI 

~ tvMPHOCYTE ADHESION TO CS-1 
INHIBITION OF T LYMPHOCxT 

PEPTIDE WITH MONOCLONAL ANTIBODIES TO ^ 


10 


15 


LIGAND 

80 kDa 
3 8 kDa 
CS-1 
CS-2 


8580 £ 214 
22680 £ 10 14 
44339 £ 513 
2576 £ 214 


ANTIBODY 1 
P4C2 


7154 £ 398 
114 £ 78 
841 £ 5 55 
535 + 258 


P1D6 

202 £ I° 5 
24917 £ 352 
42897 £ 728 

435 £ I 68 
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6.3. DISCUSSION 
Using monoclonal antibody technology (Wayner, 
E. A., carter, W.G. , Piotrowicz, R. and T.J. Kunicki, 1988, j, 
g Cell Biol., 10: 1881-1891) we have identified a new 

fibronectin receptor a4/31. Monoclonal antibodies P3E3, P4C2 
and P4G9 recognized epitopes on the a4 subunit and 
completely inhibited the adhesion of peripheral blood and 
cultured T lymphocytes to a 38 kDa tryptic fragment of 
1Q plasma fibronectin containing the carboxy terminal Heparin 
II domain and part of the type III connoting segment 
(IICS) . The ligand in IIICS for aAffl was the CS-1 region 
previously defined as an adhesion site for melanoma cells. 
The functionally defined monoclonal antibodies to e*4 
15 P artiall y inhibited T lymphocyte adhesion to intact plasma 
fibronectin and had no effect on their attachment to an 8 0 
kDa tryptic fragment containing the RGD adhesion sequence. 
Monoclonal antibodies (P1D6 and P1F8) to the previously 
described fibronectin receptor, «5*1, completely inhibited 
20 T lymphocyte adhesion to the 8 0 kDa fragment but had no 
effect on their attachment to the 3 8 kDa fragment or to 
CS-1. Both a4£l and a501 localized to focal adhesions when 
fibroblasts which express these receptors were grown on 

25 
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. These findings demonstrated a 
fibronectin-coated -f^ ^ fibronectl n a, 

specific interaction 

5 — «- ^ s Tcrr 0 re y : e 

5 EXP. cell Res., I* 1 ' 3 plasma fibronectin lo 

ra a region ox t a ]_ . 

cell lines bind to a * IX domain. ^ a0 e 

t-« the carboxy termini Hep reC e P tor on B 

nc; However, ^ i=> Bernard! et ax.r 

« Ascribed v.. «« " Ml - «=ep«rs expressed by » 

descrioeo „-i f ied fibronectin rK f ich 

= '^C^"' - pressed a 

rr/d «• ^»^e E w - at— to «- 

attacne while ceii* receptor 

receptor J hesio „ domain expressed a r ^ ^ 

« RGD c=nra inl n, =eX £rom these da „ it ^ 

» " ~« i-nti £ y ^^^/^io^ report 
possible -co results of these * support 

. Together, the re evidence in supy 

tn^preslnt ^-^atr adbesion ~" 

M " » f intT carbo^ terminal «1- - £ or 

^re^n - - a role « -A - ^ interesting 

(Kornblintt et al.. I 985 ' .I^Tand Humphries et al., i 
l^ otl , iqb6, supra . ligand ror 

HHEHS.^ ' ^ neW amino acid sequ fragment 

doe s not cont " n c " sequ e n =e responsible tor T lymP 
minimal ammo *«d s qu 
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15 


adhesion to 38 K D a and therefor* the ligand for o4sl in 
these ca ls is not «,- 9lu - isp . val or R£DV (Hunp J^ z 
ax., 1986, supra ) . 

Like «2£1, the a4 subunit is weaklv = 
q with the subunit The d a t- a weakly associated 

5 p suoumt. The data presented here (Ficrure ?\ 

and our previous findings (Wavner , £ . A . and Jj£T * 

suEta and Wayner et al., „„, shou " ' 

functionally defined monoclonal antibo^s" to a nd " 

selectively interact vith epitopes present on Z\ 

'° T*T*' °" i,mUne Pret:i P ita « d «»« - =r without 

41 after subunit dissociation. These results suggest that 
the unique . subunit is responsible for determining the 
lioand-binding specificity of each , complex. This 
concept is no. further support by the observations 

T^s TJZI T adh ' Si0n " di " in " SitSS °" "lectin. 
^,1 I SU " SSt th " " e > subunit is n°t important 

ntera n =t ln9 ' ^ « "ceptor-ligand 

interactions is determined by „ or a unique complex. 

It is interesting that while LAK cells expressed 
abundant cell surface „4„ it «„ no t appear to be 
functional receptor; 1 Fl D6 completely inhibited LAK cell 
adhesion to fibronectin. The reason for this could be that 
1^ cells express a degraded form of a4 (see Figure a) . In 
25 addition, because they are activated. LAK cells over 

express « S « when compared to resting peripheral blood or 
leukemic T cells (Table VIII, . In otner c . lls wni=h 
express larger quantities of .s„l relative to .4,1 ( K5 6 2 -i 
and HT1080, adhesion to th. 80 KOa rgd containing domain 
50 via .541 is dominant (see K5S2-1 cells. Figure 6) . This 
implies that regulation of receptor expression determines 

sites ^"L^ S CB11 " re °° 9ni " ^ bi " d « ««««« 
sites on fibronectin. Furthermore, it is also possible 

T^/°" XPr " Si -° n ° £ tW ° ""Ptcrs for fibronectin 

could increase the avidity of cell binding, for example 
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express relatively promiscuous adhesion 
jurlcat and RD cells express express only 

„ fibronectin when compared to W 

The reflation of cell adhesion of fibronectin 

» conditions, which ^ ove rlap during . 

independently of each other and £ibron e=tin. 
interaction with the — ^ opport unities for 

variation from this \ t ce ll adhesion. ~ the 
exquisitely sensitive reg ^ be roughly 

10 least complex level, this reg ^ syn thesis 

categorized as i) sltes on the ligand and <ii) 

and/or ™°*™^J^\J^ sim of the receptors, 
regulation of functional P a[e curre ntly 

samples of "gulation « that lymph oKines and 

15 available and include, the o T lympho cytes 

specific antigen ^/^^^" n to fibronectin (Wayner 
Allowed by increased cell adhes ^ ^ 

et al.. of f^ronectin (Kornblihtt et 

splicing in the SO ' « healln , or inflammation may 

*° al ., «... fflBtt ™ of receptor-ligand binding in 

dictate the Varia tions from the simple 

resting or ^require additional experimentation 

^J^TSJS, Altitude Of potential 

cultured T lymphocytes use two in P ^ r ^ oT 

attachment to "—"" c " Adhesion domain, and 11, -»1 
£o , the K=D """/""/^txy'terminal cell adhesion region 
30 is the receptor for a carboxy ^ furthermore, 

containing the Heparin II and II =iear 
,hese data * XXXC. 

preference for a reg-uu 
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(CS-i) generated by alternative splicing of fibronectin 
pre-mRNA and that a40 l is the receptor for this adhesion 


site. 
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7. EXAMPLE: LYMPHOCYTE ADHESION TO ACTIVATED 
ENDOTHELIUM IS MEDIATED BY THE BINDING OF 
THE INTEGRIN RECEPTOR a e*8l TO CS-I IN THE 
TALTERNATIVELY SPLICED IIICS REGION OF 
FIBRONECTIN 

The following experiments demonstrated the role 
of the aU0i receptor and its ligand, CS-1, in mediating T 
cell adhesion to cultured large vessel endothelial cells 
and endothelial cells which had been activated with a 
variety of cytokines associated with the inflammatory 
response, including IL-1, tumor necrosis factor alpha 
(TNFa) , and tumor necrosis factor beta (TNF£) . In 
addition, the ability of monoclonal antibodies and peptide 
fragments to block adherence of lymphocytes to endothelium 
via the q4/91 receptor was demonstrated. 

7.1. MATERIALS AND METHODS 
7.1.1. REAGENTS 
Reagents used were as described in Section 
6.1.1, supra . 

7.1.2. CELLS AND CELL CULTURE 
Jurkat (Human T cell leukemia) was obtained from 
Dr. Paul Conlon (Immunex. Corp., Seattle, WA) , Ramos (Human 
B cell Leukemia) was obtained from the American Type 
Culture Collection (Rockville, MD) . The LAD (leukocyte 
adhesion deficient) and ST-l B cell lines were prepared by 
Epsten-Barr virus tans format ion -of human B lymphocytes. 
The LAD cell line was developed from the B cells of a 
patient with a deficiency in the 02 integrin family of 
adhesion receptors and was obtained from Dr. John Harlan 
(Harborview Medical Center, Seattle, WA) . Human umbilical 
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hased fron cell 

lial cells (KUVEs) werS gained in defined 
vein endothelial c ^ ^xntaxn 

-^/ee^ 
(seruTti-rree; 

" \-2> hours. " 
> h « » ( 10 no/ml) „«. washed 

t: in - adhesion 

CS PEPTIDES 

derived from the c=> according to 

^"^nthesixed — ««* P^ mMgen corP . . 
floronectin „ JM1 « BUM a^ - 

rabbit. 

Seattle. "A- T * e according to .« oStain ed 

serum albumin or KW ^ ^ =ontrol pept.de 

W Dr " "Tul^^oratories (*el*ont, CX, • 
from Peninsula 

»vt»pTnoi 


20 


25 


30 


The following antibodie rece ptor 
™t H5 , which re==gni»s 6 1884! Mayn er 

moratory: * 1H5 ' ce ll Biol.. 125-1 unic h 

(VIay ner et al.. £ . l" 1 """^ uh ich 

et al. J - " receP tor (S uo«>' ?1D6 n ' re =ep«r 

recedes the .£ ~ ^ f i»one=tlon P ^ 

recooni«s th -J*? ^ al . (Cell 4a«»V"!lU»i— " 
ascribed W ^ eX ^ unit! an d "H'^^WvU et 
recogni— th. descri *ed fullY » et al . 

CC01B,. 1 05 ! 1S73-1SBA, *f ^^ted in 

11987 ' Viol l 0 7:isir- 1 3,l> which are xn ^ ^ ^ 

CEl1 - „ preference herexn. and 
their entirety by 

II. 
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7.1.6. ENDOTH~ t tx t n^r t . 
Human umbilical vrl~ I " ■ 

«~ cultured in 43 ue ;r P \r: :r;:;;:L a : d c ; iis 

5 xrures, lymphocytes were labeled with Na 51„ 

MCV.1) for 2 - 4 hours), washe Ma 2 5 Cro, (50 

were xncubated with HUVE monolayers Tn th ^P 1 ""**" 
absence of inhibitory antibodies" CS T« """" °* 
The lymphocytes were allowed to *1 ^ pe P tide *- 

10 37-. Kon-adherent ceUs^ '*?*™ 3 ° " lnut " " 

wash ing with PBS , and J e ~ """^ * 

SDS/NaOH. Bound 51 Cr- cnm W-r " diss °lved i n 

na Cr-cpm were quantitation 
counter. in SMB ««« siuantirated m a gamma 

activated Irill VZTIT^ end0thelial «». »« e 

7 • 2 . RESULTS 

mtegrin receptors th.«. „ Z nocl,tes respect to the 

"early that the ^ Tell "* TU>1 ' VI1 ™ 

» Phenotype with L^to ^T" * ~" 

» expected £1 Zi s ZZlT '"^^ 
with IAD were negative for « this s t T ^ P * tiMt 
IAD lymphocytes use the ,1 c 1 "rongly suggests that 

their adhesion to L °° nt """9 integrins during 

x dhesion to and passage through the endothelium 
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Table VII 

Flourescence Analysis of Integrin Receptor 

Normal and LAD • lymphoytes 


5 Receptor 


10 a 3 


Expression by 


Antibody Jurkat (T) 


Flourescence I ntensity 

Kamos (B) ST-1 


P4H9 

+ 

+ 

P4C10 

+++ 


P1H5 

++ 

+ 

P1B5 



P4G9 

+++ 


P1D6 


+/- 


++ 
+ 
++ 

4-+ 

+/- 


LAD 


15 


Plouresence intesity was determined on a three decade log 
scale and is expressed in arbitrary units with each plus 
indicating 50 units from 0-255 (channel * 
plus/minus indicates a definate and reproducible shift 
above background (<50 units) . 
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Table VIII 
Adhesion of T and B Lymphocytes 
Resting and Activated HUVE Monolayers 


5 Cell -Line 

LAD (B) 
ST-1 (B) 
Ramos (B) 
10 Jurkat (T) 
YT (T) 


Adhesion (cpm) 


Basal 

29360 

11572 

1088 

74196 

43396 


IL-10 

94580 

143860 

11168 

352028 

189384 


cpm = counts per minute. The data are from a single 
representative experiment. 


15 


20 


25 


30 


35 


Best Available Copy 

rCT/VJSOO/04978 


-61- 

7.2.2. 


nUPRE TO RESTING 

lines were tested ~ % ndottl eXiaX » l » » " 

rc stin=> or ine , tested were ^ B 

lithou^h .U XL ., or «T 

Ten-eoX,. ° 4 ^„ be -^"^^ fro* nor^ax 

end ctheXiu» — "f lor „.i "Z=* *-*»" 4 am ° nq , 

^UnlsUween adhesion to 

. ablXitV of . the present of 


20 


-rr^blXity of ehro presence of 

When the an cest ed m the „„ iie s directed 

„ endotheXJ-um was x antibodies 

to adhere to en ly monocio ion; 

nybridorca eupernatants. ^ . nhiblt adhes ^ 

toward <^ « £ dir e=ted toward other r 

n onocXonaX -"^onectin recept°* : « ' (M6l . 
1S the P-"^^, no ^"^^ P*« 

— £ ° Un t presence of "^.^et* ' 

» cU toward .A^t endotheXiu* was 

(directed ^ ivmphocyt-es ,u heS ion ° f 

Uesion of "^^xnterestinaXy, ^« isody 
con pXeteXy ^ 0 " lnlliS ited by anti- ; £ ^ t th e 

adhesion c018 "Ceptor is " ^ 0 ^ b aMi . 

» S^^- T^'eho": are ^ ^ibit 

<*— ^tib 1 :^: « «~ <~ 

X^hocytes. an~ ^ bas aX 
lyl nphocyte adhes 
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Table IX) . 


it does not necessarily l^Tto \\ ^ a "" b °^ "> 
Mndi„ g t8 endothelium^ ^3'° D 1 1 " hlblti0n « IWooyt. 
5 "^"^ Oocyte SP != ifi = «L *or .«„ 

flr " "t-P ^ extravasation. Fu«h, •"*>«»"«■ as the 
antibodies against .4., ■ „ " . Pur1:har,! ' 0 "' since the 
endothelial lells this adhesion to 

,„ be involved in lymphocyte dia^I ""^ XIl > Bi ' ht •!« 

this seance present L a l^and"" ° f « 

<* the endothelium * pressed on the surface 
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T able IX lymphocyte 
adhesion ro nu 


5 CellLi ne 
IAD (B) 


10 


Ramos (B) 


15 


jurkat (T) 


20 


Antibody 

SP2 

P1D6 

P1B5 

P4C2 

P4C10 

SP2 

P1D6 

P1B5 
P4C2 
P4C10 

SP2 

P1D6 

P1B5 

P4C2 

P4C10 


Adhesion (cpm) 

Specific 1 ^ 


<Vl 
Pi 


a 5 P l 
a 2^1 
°4^1 


19542 
15688 
19064 
6458 
6360 

972 
808 


124 
456 
604 

83924 

83956 

66580 

23108 

36892 


104672 
113 69 6 
90912 
38132 
52552 

12157 
11196 
10028 
3688 


3152 

372159 

417588 

489952 

136632 

230416 
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10 


15 


THE ROLE OF CS-1 AS LIGAND TO a 3 IN 
LYMPHOCYTE ADHTg TON TO EMfwrHELfuk 
The ability of synthetic CS-i and derivative 
peptides to inhibit adherence of chromium-labeled 
lymphocytes to activated endothelial cells was evaluated 
usxng various peptides. The synthetic CS-1 peptide was a 
strong inhibitor of T or B lymphocyte adhesion to basal or 
activated endothelial cell monolayers (Tables x and XI) 
Interstingly, the EILDVPST sequence was the minimal peptide 
also required to inhibit lymphocyte adhesion to resting or 
activated HUVEs (Tables X and XI,. m some cases, such as 
wxth the Ramos B cell line, adhesion or these cells to 
HUVEs could be completely abrogated with the EILDVPST 
peptide. m control experiments (Table XI) , the RGDS 
sequence which is the ligand for the prototype fibronectin 
receptor, a^, did not inhibit lymphocyte adhesion to 
resting or activated HUVEs. 
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Table X 

„ cs .! and C-J. D«ived p.P«W «* 


Peptide # 


Sequence 


Adhesion (cpm) 



10 


Ramos (B) 


15 


293A 
344 
350 

352 

354 

293A. 

344 

350 

352 

354 


20 


jurkat (T) 


293(A) 

344 

350 

352 

354 


Unrelated 

CS-l 
VpST 
EILDVPST 
GPEILDVPST 

Unrelated 

CS-l 

VPST 

EILDVPST 

GPEILDVPST 

Unrelated 

CS-l 

VPST 

EILDVPST 

GPEILDVPST 


Basal 


20856 


17500 
ND* 
ND 
ND 

4856 

1660 

ND 

ND 

ND 


58084 
29568 
ND 

ND 

ND 


74096 
26172 
42728 
29484 
27219 

11132 

2828 

4568 

2584 

2265 


129864 

75772 

127544 

93056 

89721 


a ND=not determined 


30 


35 


WO 91/03252 


-6 6- PCT/US90/04978 
Table XI 

Effect: of cs-l and CS-1 Derived Peptides or RGDS on 
Lymphocyte Adhesion to HUVES 


5 Cell" Line 
Jurkat (T) 


Peptide # 


10 


LAD (B) 


15 


20 


Ramos (B) 


25 


344 

350 
351 
352 


344 
350 
351 
352 


344 
350 
351 
352 


Sequence 


RGDS 
CS-1 
VPST 
LDVPST 
EI LD VPST 


RGDS 

CS-1 

VPST 

LDVPST 

EILDVPST 


RGDS 

CS-1 

VPST 

LDVPST 

EILDVPST 


Adhesion (cpm) 
Basal +IL-1B 


161092 
298688 

82404 
203716 
166948 

84456 

44860 
70652 
22976 
38176 
39700 
29964 

2724 
169 2 0 
1844 
4168 
3532 
1696 


314848 
357616 
248976 
322208 
3262CC 
234796 

71408 

102076 

51560 

98860 

92792 

58784 

12936 

28104 

5160 

15320 

15092 

4964 


30 


35 


Best Available Copy 


PCT'L 


S90/04978 


W03252 _ 67 . 

Table TnHESlOH TO FIBKONECTIK 


;EQUENCE 


PEPTIDE 


INHIBITION 


+++ 


10 


cs-i 

A13 
B13 
350 
351 
352 
354 


UIGPEILDVPST 
VPST 
L.DVPST 
EILDVPST 
GPEII-DVPST 


+++ 


+++ 
+++ 
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Experimental obspy^f,- * 
strongly SD5gestaa Chat the h 71 "!. fSee SSCti ° n s '-18Ea) 
T lymphocytes in plas „ a ^^X^^^ -it. for 

5 <" the H ICS domain _ lfC«tM in the cs — 1 

°f 25 amino acids (Figure 91 L re91 °" " c =""°rised 

to determine the ^ima" peptid^"*' — - p ~tant 
the binding of the lymphocyte Qfl T"" rMpo "' iM - *« 
The i„ itial step we P u £\"«'l "" Pt <~ to fibronectin. 

, 0 into two smaller peptides L T *"* PSptia * 
examine whether eLher of'th *> and 'o 

fibronectin for bindi ^« ^"^ compete with 

inhibit lymphocyte adhesion to ^rT^ ^ thera£ °" 
=l«rly indicate that th. '° flbron ««»>- The data 
„ the Bla peptide der ved Ire" W ^ 

«" «-i- The next step we Too, " P °" i0 " 

ability of increasingly lonce " in "-" 1 »"- the 

carboxy terminal pon on ^Tf*" the 
adhesion to fibronectin and cs" ° T ^"^a 
20 These data show that JT °° n3U '" e ' ""ad- 

ipocytes to plasma fibronec" n a„ d ^-Tth" " 
amino acid sequence required for bin-- Bln1 "" 
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from P.«-TS^LC^S°^ <— => 
a -fct in expression of « V"" 1 " 0 * <«» 

therefore cannot use the « cent ? """"^ ind 
Ma=-1 or p uo/95, T„ 1 C ° ntainln 9 «=-Ptors <i.fa-i, 

^ A3u/y 5 j ln their adhesion 

endothelium. Neutrophils from th v ««Uar 

not leave the bl ood «ream IT " " *• 

«D lymphocytes, howeve ^ do u lnt ° P8riphe « l tissues. 

through the endotheliTand = a„ _ T^ 1 * ■ 

from patients with this disorder This th """" 

that lymphocytes use a mechanismdis^inct till I IT' 

containing integrins during th.i. „ 6 42 

uring their passage from the blood 
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i -issues. The following series 
str eam into t,e P-^/ s al ou ; attempts „ fully understand 
of experiments com P riS * Deriphera l blood lymphocytes 
the mechanisms utilized by perip 

duri „ g ^-- rlM „ ts describ ed ^ _ 

« shown the. important ^^^I^U,! cells. 

adhesion of lymphocytes to «»™ were sho wn to 

Ml lymphocyte cell 1»>«. t uere 
, (nr „ » by fluorescence analysis, 
express .^1 and/ ° r 1 * ur , d human umbilical -vein 
observed to adhere to cul ^ _ ^ „ be bloclced 

10 endothelial cells. ™ directed toward . 4 V 

only by monoclonal an " b °" re ceptors were not found 

antibodies directed towar other^. p ^ 

„ have essentially ^ J the adhesive interaction 

importance of the = t fil recep,: 
« between lymphocytes and — and derivative 

xn addition. found to inhibit 

peptides (Tables 9. 10. and ' The amino acid 

Lhesion of lymphocytes « > ^'^^arly important to 

seance EI U,VPS T ™™l °J*l* s ^ ^ " ^ ln 

20 interaction. It must . receptor is. m 

been determined » ' ^ ^ Endothelial cell 
fact, interacting with . is r ecoani 2 in, the 

surface. It i. also possible ^ A ^ the con «Kt of 
peptide EIIBVPST or a similar » qu 
* another, non-f ibronectin protein. 
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15 


8 . DEPOSIT OF CELL LINES 
The following cell lines have been deposited 
with the ATCC, Rockville, MD, and have been assigned the 
following accession numbers: 

Cell Line Accession Number 

P4C2 HB-10215 
P4G9 HB-10213 
P3E3 HB-10212 
P4C10 HB-10214 
The present invention is not to be limited in scope 
by the genes and proteins exemplified or deposited 
microorganisms which are intended as but single illustrations 
of one aspect of the invention. Indeed, various 
modifications of the invention in addition to those shown and 
described herein will become apparent to those skilled in the 
art from the foregoing description and accompanying figures. 
Such modifications are intended to fall within the scope of 
the appended claims. 
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Accession Number HB-10213 
Accession Number HB-102U 
Accession Number HB-10215 
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V7HAT IS CLAIMED IS: 

1. A method for inhibiting the adherence of 
lymphocytes to endothelial cells comprising exposing the 
lymphocytes to an effective amount of an antibody, or a 
fragment or derivative thereof, that binds to .4*1. 

5 

2. The method of claim 1 in which the antibody 
is a monoclonal antibody. 

3 The method of claim 2 in which the antibody 
is.P4C2, deposited with the ATCC and having the accession 
number HB- 10215- 

4. The method of claim 1 in which the antibody 
binds to 01. 

5 The method of claim 4 in which the antibody 
is P4C10, deposited with the ATCC and having the accession 
number HB-10214. 

6 A method for inhibiting the adherence of 
lymphocytes to endothelial cells comprising exposing the 
lymphocytes to an effective amount of peptide that b.nds to 

q401. 

7 The method of claim 6 in which the peptide 
is conjugated to an antibody targeted toward endothelial 
cells. 

8 The method according to claim 6 in which the 
peptide comprises at least a portion of the IIIC8 region of 
fibronectin, or a derivative thereof. 
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9. The method according to claim 6 in which the 
peptide comprises at least a portion of the CS1 region of 
fibronectin, or a derivative thereof. 

10. The method according to claim 6 in which 
the peptide comprises at least a portion of the sequence 
EILDVPST, a derivative thereof, or a substantially 
homologous sequence, 

11. An antibody, antibody fragment or 
derivative thereof which may be used to inhibit the 
adherence of lymphocytes to endothelial cells. 

12. An antibody, fragment, or derivative 
according to claim 11 which binds to the a4ffl receptor. 

13. The antibody of claim 12 which is a 
monoclonal antibody . 

14. The antibody of claim 13 which is P4C2, 
produced by the hybridoma deposited with the ATCC and 
having the accession number HB-10215. 

15. The antibody of claim 13 which is P4C10, 
produced by the hybridoma deposited with the ATCC and 
having the accession number HB-10214 . 

16. An antibody, fragment or derivative thereof 
which recognizes an epitope defined by monoclonal antibody 
P4C2. 

17. The antibody, fragment or derivative of 
claim 16, which competitively inhibits the binding of 
monoclonal antibody P4C2. 
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„r or derivative which 

recognizes an epit°P 

derivative thereof, on lym phocytes 

cells in a pn 2Q 

. -i composition of ex* 
21 . The pharmacy ical derlvatl ve binds to 
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l4 0l receptor. 2l 

h rmaceutical composition 
" * ^oavTs ^ -noclonal antibody. 
in which the antibody ^ ^ 

wr-h the antibody ^ P4C2, P acceSS ion number- 

HB _102L5. . 22 

in whi ch the ^j^r^ - access- «— 
deposited with the 

HB-102H. ^^inq an 

. fc • compels ing " 

— r^-- - ul oells ln a 
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34 . The method of claim 32 in which the antibody 
is F4C10, deposited with the ATCC and having the accession 
number HB-10214. 

3 5 A method of preventing lymphocyte migration 
5 into tissues comprising administering an effective amount 
of a peptide in a pharmacologically suitable carrier, which 
prevents lymphocyte adhesion to endothelial cells to a 
subject in need of such treatment. 

36. The method according to claim 35 in which 
the peptide binds to aA$l. 

37. The method according to claim 36 in which 
the peptide comprises at least a portion of the IIICS 
region of fibronectin, or a derivatiave thereof. 

38 The method according- to claim 3 6 in which 
the peptide comprises at least a portion of the CS1 region 
of fibronectin, or a derivatiave thereof. 

39. The method according to claim 36 in which 

,t least a portion of the sequence 
the peptide comprises at least a pot 

EILDVPST, a derivative thereof, or a substantially 
homologous sequence. 
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26. The pharmaceutical composition of claim 25 
in which the peptide binds to a4/3i. 

27. The pharmaceutical composition of claim 26 
5 m which the peptide comprises at least a portion of the 

IIICS region of fibronectin, or a derivative thereof. 

28. The pharmaceutical composition of claim 26 
in which the peptide comprises at least a portion of the 

10 CS " 1 re 9 ion of fibronectin, or a derivative thereof. 

29. The pharmaceutical composition of claim 25 
in which the peptide comprises at least a portion of the 
sequence EILDVPST, a derivative thereof, or a substantially 
homologous sequence. 

30. A method of preventing lymphocyte migration 
into tissues comprising administering an effective amount 
of an antibody, or a fragment or derivative thereof, which 

2Q prevents the adhesion of lymphocytes to endothelial cells 
via an extracellular matrix receptor to a subject in need 
of such treatment. 

31. The method of claim 30 in which the 
25 antibody, fragment, or derivative binds to a40i. 

32. The method of claim 31 in which the 
antibody is a monoclonal antibody. 

3Q 33. The method of claim 32 in which the antibody 

is P4C2, deposited with the ATCC ,and having the accession 
number HB-10215. 
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